MITSUBISHI MICROCOMPUTERS 


M306V5ME-XXXSP 
M306V5EESP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER 
and ON-SCREEN DISPLAY CONTROLLER 


1. DESCRIPTION 

The M3806V5ME-XXXSP and M3806V5EESP are single-chip microcomputers using the high-performance 
silicon gate CMOS process using a M16C/60 Series CPU core and are packaged in a 64-pin plastic molded 
SDIP. These single-chip microcomputers operate using sophisticated instructions featuring a high level of 
instruction efficiency. With 1M bytes of address space, they are capable of executing instructions at high 
speed. They also feature a built-in OSD display function and data slicer, making them ideal for controlling 
TV with a closed caption decoder. 

The features of the M306V5EESP are similar to those of the M8306V5ME-XXXSP except that this chip has 
a built-in PROM which can be written electrically. 


1.1 Features 
* M@MOTY SIZO ......eeeeeeeeceeeeeeeeeeeeeeeeeeeees <ROM>192K bytes 
<RAM> 5K bytes 
<OSD ROM> 61K bytes 
<OSD RAM> 2.2K bytes 
* Shortest instruction execution time ...... 100 ns (f(XIN)=10 MHz) 


* Power sourse Voltage ........:::cccceeeeee 4.5 V to 5.5V 

¢ Power CONSUMPTION ........ eee eee 250 mW 

© IMLSKFUPUS sate lecssesnccduers smnyecesd buss ceeseuene shes 21 internal and 3 external interrupt sources, 4 software 
interrupt sources; 7 levels 

¢ Multifunction 16-bit timer... 2 output timers + 1 input timer + 5 timers 

© Serial /O oo... ceecceeecececceeeeeeeeeeseeeeeeneeeeeas 4 units 
UART/clock synchronous: 2 
Multi-master I?C-BUS interface 0 (2 systems): 1 
Multi-master I@C-BUS interface 1 (1 systems): 1 

© DMAG iia giccessrees Maddeestceeese te eatiedesen eedee 2 channels (trigger: 23 sources) 

© A-D CONVENED ..... eee eeeeeeeeteeeeeeetteeeeeeenes 8 bits X 6 channels 

* D-A CONVEITCN «0... eeeeeeceeeeeeeeeeeeeeeeeeee 8 bits X 2 channels 

9 Data SNCOP cxcccecssuetersehceadbeees sstecnetexetthans 1 circuit 

* HSYNC COUMNMED 0... eee eeeeteeeeeeeenteeeeeeeaes 1 circuit (2 systems) 

* OSD TUNCUON 4: savcatesicencsiestsealetenehandegees 1 circuit 

© Watchdog timer... eee eeeteeeeeeenee 1 circuit 

¢ Programmable I/O ........:cccceceeeesteeeees 46 lines 

* Clock generating Circuit .........0.. eee 2 built-in clock generation circuits 

1.2 Applications 


TV with a closed caption decoder 
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1.3 Pin Configuration 


Figure 1.3.1 shows the pin configuration (top view). 


PIN CONFIGURATION (top view) 


P101/VSYNC <p> [7] 
P100/HSYNC <q p> [2 | 
TVSETB— [GB] 


P94/DA1/SCL3 <a>[8] 
P93/DA0/SDA3 <a> [2] 
P90/TBOIN <-> 


P82/INTo << 


P76/TA3OUT <> 
P74/TA20UT <> 
P72/CLK2/SCL2 <a> 24 
P71/RxD2/SCL1 <> 
P70/TxD2/SDA1 => 


P67/SDA2 <4 p> 


P63/TxDo <> 
P62/RxDo <a 


Figure 1.3.1 Pin configuration (top view) 


S 
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S< 
2S 
aS 
mi 
mx 
BS 
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a 

U 


<4 P33/INT1 
ai P34/HCO 
<i P35/HC1 
de> P36/ANO 
[47] <a P37/AN1 
~#P P40/AN2 
te P41/AN3 
<t P42/AN4 
“> P43/AN5 


ap P55/CLKo 


Package: 64P4B 
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1.4 Block Diagram 
Figure 1.4.1 is a block diagram. 


r 


8 


8 


4 


I/O ports Port P2 


Internal peripheral functions 


Timer TAO (16 bits 
Timer TA1 (16 bits 
Timer TA2 (16 bits 
Timer TA (16 bits 
Timer TA4 (16 bits 
Timer TBO (16 bits 
Timer TB1 (16 bits 
Timer TB2 (16 bits 


Port P3 


Port P4 


Watchdog timer 
(15 bits) 


DMAC 
(2 channels) 


D-A converter 
(8 bits X 2 channels) 


A-D converter 


za 


Data slicer 


System clock generator 


XIN—XOUT 


UART/clock synchronous SI/O 


UART /clock synchronous SI/O 


Multi-master |2C-bus 
interface 0 


HSYNC counter 


Multi-master |2C-bus 
interface 1 


Registers 


M16C/60 series16-bit CPU core 


Vector table 


INTB 


Stack pointer 


FLG 


Memory 


Multiplier 


Figure 1.4.1 Block diagram 
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1.5 Performance Outline 
Table 1.5.1 is a performance outline. 


Table 1.5.1 Performance outline 


Item Performance 


Number of basic instructions 91 instructions 

Shortest instruction execution time 100 ns(f(XIN)=10 MHz) 

Memory ROM 192K bytes 

size RAM 5K bytes 

OSD ROM 61K bytes 

OSD RAM 2.2K bytes 

I/O port PO, P2 to P10 8 bits X 3, 5 bits X 1, 4 bits X 2, 3 bits X 2, 2 bits X 1, 
1 bit x 1 

Multifunction | TAO, TA1, TA2, TA3, TA4 16 bits x 5 

timer TBO, TB1, TB2 16 bits x 3 

Serial I/O UARTO 1 unit: UART or clock synchronous 

UART2 1 unit: UART or clock synchronous 

Multi-master I@C-BUS interface 0] 1 unit (2 channels) 

Multi-master I@C-BUS interface 1] 1 unit (1 channels) 

A-D converter 8 bits X 6 channels 

D-A converter 8 bits X 2 channels 

DMAC 2 channels (trigger: 23 sources) 

OSD function Triple layer, 890 kinds of fonts, 42 character X 16 lines 
Data slicer 32-bit buffer 

HSYNC counter 8 bits X 2 channels 

Watchdog timer 15 bits X 1 (with prescaler) 

Interrupt 21 internal and 3 external sources, 4 software sources, 7 levels 
Clock generating circuit 2 built-in clock generation circuits 

Power source voltage 4.5 V to 5.5V (f(XIN ) = 10 MHz) 


Power consumption 250 mW 

/O I/O withstand voltage 5V 

characteristics | Output current 5 mA 

Operating ambient temperature -10°C to 70°C 

Device configuration CMOS high performance silicon gate 
Package 64-pin plastic molded SDIP 
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Currently supported products are listed below. 


Table 1.5.2 List of supported products 
ROM capacity | RAM capacity Package type Remarks 


M306V5ME-XXXSP 192K bytes 5K bytes Mask ROM version 


M306V5EESP 192K bytes 5K bytes One Time PROM version 
M306V5EESS 192K bytes 5K bytes EPROM version 


Note: Since EPROM version is for development support tool (for evaluation), do not use for mass produc- 
tion. 


TypeNo. M306V5ME-XXX SP 


|_______ Package type: 
SP :Package 64P4B 
SS :Package 64S1B 


ROM No. 
Omitted for One Time PROM version 
and EPROM version 


ROM capacity: 
E : 192K bytes 


Memory type: 
M : Mask ROM version 
E : One Time PROM version or EPROM 
version 


Shows RAM capacity, pin count, etc 
(The value itself has no specific meaning) 


M16C/6V Group 


M16C Family 


Figure 1.5.1 Type No., memory size, and package 
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1.5.1 As For M16C/6V (64-Pin Version) Group 
M16C/6V (64-pin version) group is packaged in a 64-pin plastic molded SDIP. Note that the number of 
pins is reduced when it is compared with a 100-pin package product. 
(1) M16C/6V (64-pin version) group supports only the shingle-chip mode. It does not support the memory 
expansion and the microprocessor modes. 
(2) Be sure to initialize in the sequence below immediately after reset release. 
@® Set OSD reserved register i (i = 1 to 4) to the specified values. 
® Set each reserved bit of the port Pi direction register, the port Pi register, and pull-up control register i 
to the specified values. 
® Set port reserved register i (i = 1 to 3) to the specified values. 
® Set other reserved registers and each reserved bit of other registers to the specified values. 


Rev. 1.0 


MITSUBISHI 7 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M306V5ME-XXXSP 
M306V5EESP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER 
and ON-SCREEN DISPLAY CONTROLLER 


Table 1.5.3 Pin description (1) 
Pin name Signal name I/O type Function 


Vcc, Vss fe supply Supply 4.5 V to 5.5 V to the Vcc pin. Supply 0 V to the Vss pin. 


CNVss CNVss Input Connect this pin to the Vss pin. 


RESET Reset input Input A “L” on this input resets the microcomputer. 


XIN Clock input Input These pins are provided for the main clock generating circuit.Connect 
a ceramic resonator or crystal between the XIN and the XOUT pins. To 
use an externally derived clock, input it to the XIN pin and leave the 
XOUT pin open. 


XOUT Clock output | Output 


AVcc Analog power This pin is a power supply input for the A-D converter. Connect this 
supply input pin to VCc. 


POo to P07 I/O port PO Input/output | This is an 8-bit CMOS I/O port. It has an input/output port direction 
register that allows the user to set each pin for input or output 
individually. When set for input, the user can specify in units of four bits 
via software whether or not they are tied to a pull-up resistor. 


P20 to P27 I/O port P2 Input/output | This is an 8-bit I/O port equivalent to PO. 


P30 to P37 I/O port P3 Input/output | This is an 8-bit I/O port equivalent to PO. Pins in this port function as 
external interrupt pin, HSYNC counter I/O pins, and A-D converter input 
pins as selected by software. 


P40 to P43 I/O port P4 Input/output | This is an 8-bit I/O port equivalent to PO. Pins in this port function as A-D 
converter input pins as selected by software. 


P50, P52, I/O port P5 Input/output | This is a 4-bit I/O port equivalent to PO. P57 in this port functions as 
P53, P55 UARTO I/O pin as selected by software. 


P62, P63, 1/0 port P6 Input/output | This is a 3-bit I/O port equivalent to PO. Pins in this port also function as 
P67 UARTO and multi-master |@C-BUS interface 0 I/O pins as selected by 
software. 


P70 to P72, /O port P7 Input/output | This is a 5-bit I/O port equivalent to PO (P70 and P71 are N-channel 
P74, P76 open-drain output). Pins in this port also function as timers A2 and A3, 
UART2, multi-master I2C-BUS interface 0 I/O pins as selected by 
software. 


P82 I/O port P8 Input/output | P82 is I/O port with the same functions as PO. 
P82 can be made to function as the I/O pin for the input pins for external 
interrupts as selected by software. 


P90, P93, P94 | I/O port P9 Input/output | This is an 3-bit I/O port equivalent to PO. Pins in this port also function 
as Timer BO input pin, D-A converter output pins, and multi-master |2C- 
BUS interface 1 I/O pins as selected by software. 
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Table 1.5.4 Pin description (continued) (2) 


Pin name 


P100, P101 


Signal name 


I/O port P10 


I/O type 


Input/output 


and ON-SCREEN DISPLAY CONTROLLER 


Function 


This is a 2-bit I/O port equivalent to PO. Pins in this port also function 
as a input pins for OSD function as selected bysoftware. 


R, G, B 


OSD output 


Output 


These are OSD output pins (analog output). 


OUT1, OUT2 


OSD output 


Output 


These are OSD output pins (digital output). 


OSC1 


Clock input 
for OSD 


Input 


This is an OSD clock input pin. 


OSC2 


Clock output 
for OSD 


Output 


This is an OSD clock output pin. 


CVIN 


HLF 


I/O for data 
slicer 


Input 


Input composite video signal through a capacitor. 


Input 


Connect a capacitor between VHOLD and Vss. 


Input/output 


Connect a filter using of a capacitor and a resistor 
between HLF and Vss. 


TVSETB 
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This is a test input pin. Fix it to “L.” 


a 


MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M306V5ME-XXXSP 
M306V5EESP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER 
and ON-SCREEN DISPLAY CONTROLLER 


2. OPERATION OF FUNCTIONAL BLOKS 


This microcomputer accommodates certain units in a single chip. These units include ROM and RAM to 
store instructions and data and the central processing unit (CPU) to execute arithmetic/logic operations. 
Also included are peripheral units such as timers, serial I/O, D-A converter, DMAC, OSD circuit, data slicer, 
A-D converter, and I/O ports. 

The following explains each unit. 


2.1 Memory 
Figure 2.1.1 is a memory map. The address space extends the 1M bytes from address 0000016 to 
FFFFF16. From FFFFF16 down is ROM. There is 192K bytes of internal ROM from D000016 to FFFFF 16. 
The vector table for fixed interrupts such as the reset mapped to FFFDC16 to FFFFF16. The starting ad- 
dress of the interrupt routine is stored here. The address of the vector table for timer interrupts, etc., can be 
set as desired using the internal register (INTB). See the section on interrupts for details. 
5K bytes of internal RAM is mapped to the space from 02C0016 to O3FFF16. In addition to storing data, the 
RAM also stores the stack used when calling subroutines and when interrupts are generated. 
The SFR area is mapped to 0000016 to OO3FFi6. This area accommodates the control registers for periph- 
eral devices such as I/O ports, A-D converter, serial I/O, and timers, etc. Figures 2.1.2 to 2.1.5 are location 
of peripheral unit control registers. Any part of the SFR area that is not occupied is reserved and cannot be 
used for other purposes. 
The special page vector table is mapped to FFE0016 to FFFDB1é. If the starting addresses of subroutines 
or the destination addresses of jumps are stored here, subroutine call instructions and jump instructions 
can be used as 2-byte instructions, reducing the number of program steps. 
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0000016 SFR area 
003FF16 (Refer to Figures 2.1.2 to 2.1.5) 


0040016 
OSD RAM area 
013FF16 


0140016 
Internal reserved 


area 
O2BFF 16 


02C0016 
Internal RAM area 


O3FFF16 FFE0016 
0400016 


Internal reserved 
area Special page 
vector table 
8FFFF 16 


9000016 


OSD ROM area FFFDC16 §£ Undefined instruction 


AFFFF16 

BO00016 BRK instruction 
Pe eee Address match 

CFFFFi6 Single step 


DO00016 Watchdog timer 
Internal ROM area 
FFFFF16 FFFFF16 


Figure 2.1.1 Memory map 
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000116 
000216 
000316 
000416 
000516 
000616 
000716 
000816 
000916 
O00A16 
000Bi6 
000C16 
000D16 
OO0E16 
O00F16 
001016 
001116 
001216 
001316 
001416 
001516 
001616 
001716 
001816 
001916 
001A16 
001Bi6 
001Ci16 
001D16 
001E16 
001Fi6 
002016 
002116 
002216 
002316 
002416 
002516 
002616 
002716 
002816 
002916 
002A16 
002Bi6 
002C16 
002D16 
002E16 
002Fi6 
003016 
003116 
003216 
003316 
003416 
003516 
003616 
003716 
003816 
003916 
003A16 
003Bi6 
003C16 
003D16 
003E16 
003Fi6 
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004016 


004116 


004216 


rocessor mode register 0 (PMO) 


004316 
004416 


rocessor mode register 1 (PM1) 


System clock control register 0 (CMO) 
System clock control register 1 (CM1 


004516 


SD1 interrupt control register (OSD1IC 
Interrupt control reserved register 0 (REOIC) 


004616 


Interrupt control reserved register 1 (RE1IC) 


004716 


Address match interrupt enable register (AIER 
Protect register (PRCR) 


004816 


Interrupt control reserved register 2 (RE2IC 
SD2 interrupt control register (OSD2IC) 


004916 


ulti-master 12C-BUS interface 1 interrupt control register (IIC11C 


004Ai16 


Bus collision detection interrupt control register (BCNIC) 


004Bi6 


004Ci16 


DMAO interrupt control register (DMOIC) 


DMAT1 interrupt control register (DM1IC) 


004D16 


Watchdog timer start register (WDTS) 


ulti-master 12C-BUS interface 0 interrupt control register (IICOIC 


004E16 


atchdog timer control register (WDC 


004Fi6 


Address match interrupt register 0 (RMADO) 


-D conversion interrupt control register (ADIC) 


ART2 transmit interrupt control register (S2TIC) 


005016 


ART2 receive interrupt control register (S2RIC) 


005116 


ARTO transmit interrupt control register (SOTIC) 


005216 


005316 


Address match interrupt register 1 (RMAD1) 


UARTO receive interrupt control register (SORIC) 


Data slicer interrupt control register (DSIC) 


005416 


SYNC interrupt control register (VSYNCIC) 


005516 


imer AO interrupt control register (TAOIC 


005616 


005716 


imer A1 interrupt control register (TA1IC 


imer A2 interrupt control register (TA2IC 


005816 


imer A3 interrupt control register (TA3IC 


005916 


O05A16 


005Bi6 


imer A4 interrupt control register (TA4IC 


( 
imer BO interrupt control register (TBOIC 
imer B1 interrupt control register (TB1IC 


005C16 


) 
) 
) 
) 
) 
) 
) 
) 


imer B2 interrupt control register (TB2IC 


005D16 


O05E16 


O05Fi6 


MAO source pointer (SARO) 


INTO interrupt control register (INTOIC) 


INT1 interrupt control register (INT1IC 
Interrupt control reserved register 3 (RE3IC 


006016 


MAO destination pointer (DARO) 


MAO transfer counter (TCR 


MAO control register (DMOCON 


MA1 source pointer (SAR1 


MA1 destination pointer (DAR1 


MA1 transfer counter (TCR1 


MA1 control register (DM1CON) 


O1FFi6 


Figure 2.1.2 Location of peripheral unit control registers (1) 
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020016 024016 
020116 024116 
020216 “(OSD control register 1 (OCI) o2dare 
020316 [IOSD control register 2 (OC2 024316 
020416 024416 
020516 024516 


020616 | {I/O polarity control register (P 024616 | IColor palette register 4 (CR4) 
020716 D control register 3 (OC3 024716 
020816 024816 


020916 049, | (COIO" Palette register 5 (CR5) 
OEOmE 024Ai6 
020Bis 024B16 
Be0Ci6 024C16 


o20p1e | [Top border control register (TBR) opapiel (COlOr Palette register 7 (CR7) 


020E16 024E16 2 
020F:s | [Bottom border control register (BBR) o24rie| (Color palette register 9 (CR9) 


ae Block control register 1 (BC1) st Color palette register 10 (CR10) 
6 | \Block control register 2 (BC2) ? 
021216 "Block control register 3 (BC3) 025216 | IColor palette register 11 (CR11) 
021316 | |Block control register 4 (BC4) 025316 
021416 | [Block control register 5 (BC5) 025416 

( 

( 

( 


Color palette register 1 (CR1) 


Color palette register 2 (CR2) 


Color palette register 3 (CR3) 


Color palette register 6 (CR6) 


Color palette register 12 (CR12) 


021516 | \Block control register 6 (BC6) 025516 
021616 | Block control register 7 (BC7) 026616 | Color palette register 13 (CR13 
021716 | |Block control register 8 (BC8) 025716 P 9 ( ) 
021816 | Block control register 9 (BC9) 025816 
021916 | |Block control register 10 (BC10) 025916 


021416 | [Block control register 11(BC11) 025A16 
021816 | [Block control register 12 (BC12 ospie| [COlOr palette register 15 (CR15) 


021C16 | [Block control register 13 (BC13 025C16 


Color palette register 14 (CR14) 


) 
( ) SSS 
021D16 | |Block control register 14 (BC14) 025D1e/ |OSD reserved register 1 (OR1 
( ) 


021E16 | |Block control register 15 (BC15 025Et6 
021F16 | [Block control register 16 (BC16 025F16| IOSD control register 4 (OC4 

022016 : = : 026016 
022116 ertical position register 1 (VP1) 026116 | Data slicer control register > (D 


022216 . ee ‘ 026216 7 : 
022316 ertical position register 2 (VP2) 026316, Caption data register 1 (CD1) 


022416 ; - ; 026416 ; ; 
022515 | |Vertical position register 3 (VP3) o26516| Caption data register 2 (CD2) 


022616 F ia : 026616 | [Caption position register (CPS 
022716 | Vertical position register 4 (VP4) 026716 | |Data slicer reserved register 2 (DR2) 


022816 026816 | /Data slicer reserved register 1 (DR1 


022916 | Vertical position register 5 (VPS) 026916 | IClock run-in detect register (CRD) 
022A16 026A16 (Data clock position register (DPS) 


022816 ertical position register 6 (VP6) 026Bi6 


022Ci16 5 = : ny 
022D16 ertical position register 7 (VP7) O26F 16 


022E : iP ; 0270 ; 
° ertical position register 8 (VP8) "*| [eft border control register (LBR) 


022F16 027116 


023016 : a2 : 0272 H 7 
023116 | \ertical position register 9 (VP9) ie ight border control register (RBR 


023216 7 ine , 027416 
Gesaie ertical position register 10 (VP10) Ooi 


023416 : ae . 027616 
osa5ie ertical position register 11 (VP11) os7Hé 


0236 m = 
"| Vertical position register 12 (VP12) 027816) EPRITE horizontal position register (HS 


023716 027916 

023816 : = : 027A16| (OSD reserved register 4 (OR4) 
ertical position register 13 (VP13 

023916 P g ( ) 027B16| OSD reserved register 3 (OR3) 

023A16 : = : 027C1s| OSD reserved register 2 (OR2 
ertical position r r14(VP14 : : 

023Bi6 posit! egiste ( ) 027D16e| |Peripheral mode register (PM 

023C16 027E16| |HSYNC counter register (HC 

023D16 027F16| HSYNC counter latch 

023E16 028016 

023F 16 wy 


02DFi6 


SPRITE vertical position register 1 (VS1) 


SPRITE vertical position register 2 (VS2) 


ertical position register 15 (VP15) 


ertical position register 16 (VP16) 


Figure 2.1.3 Location of peripheral unit control registers (2) 
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02E016 038016 
02E116 |_|@CO address register (lICOSOD 038116 
02E2:6 | 2CO status register (IICOS1 038216 
02E316 038316 
02E416 | 2C0 clock control register (IICOS2 038416 

02E516 e OS2D 038516 
02E616 CO transmit buffer register (IICOSOS 038616 : 
02E716 038716 imer AO register (TAO 
02E816 |_|2C1 data shift register (IIC1SO 038816 / j 
02E916 038916 imer A1 register (TA1 
02EA1s | }2C1 status register (IIC1S1 038Ai6 
02EB1s | }2C1 control register (IIC1S1D) 038B16 imer A2 register (TA2 
02EC16 C1 clock control register (IIC1S2) 038C16 
02EDie|_|2C1 port selection register (IIC1S2D o38D16 | {Timer A3 register (TAS 
2EEis| {2 i i E16 
cece C1 transmit buffer register (IIC1SOS sa imer Ad tagistar (TAd 


039016 . : 
Si 7 o39tie | {timer BO register (TBO 


033916 039216 . . 
cato osesi | [Timer Bt register (TB 
034116 039416 
034216 039516 
034316 039616 
034416 039716 


imer B2 register (TB2 


034516 039816 
039916 
034716 O039A16 


im register 
034816 eserved register 0 (INVCO)} 039Bi6 (TBOMR) 


034616 


034916 039C16 imer B1 mode register (TB1MR) 
Ry RY 039D16 imer B2 mode register (TB2MR 
O35E16 O39E16 
O35F 16 039F 16 
036016 O3A016 
036116 O3A116 

03626 03A2i6 
036416 03A416 
036516 O3A5i16 


036616 |_ [Reserved register 4 (INVC4 03A616 : _ 
036716 O3A716 ARTO receive buffer register (UORB 
036816 03A816 | |Reserved register 2 (INVC2) 


036916 O03A916 
O036A16 O3AA16 
036B16 O3ABi16 
036C16 O3ACi6 
036D16 O3AD16 
O36E16 O3AE16 
036F 16 O3AF 16 
037016 03B016 
037116 03B116 
037216 03B216 
037316 03B316 
037416 03B416 
037516 O3B516 
037616 038616 
037716 038716 
037816 038816 
03791 038918 


037A16 03BA1s |_DMA1 request cause select register (DM1SL 
037Bi6 ART2 transmit buffer register (U2TB) O3BBi6 
037C16 ART2 transmit/receive control register 0 (U2CO O3BC16 
037D16 ART2 transmit/receive control register 1 (U2C1) O3BD16 


037E16 - O3BE16 
037F1g | |UART2 receive buffer register (U2RB) O3BFi6 


Figure 2.1.4 Location of peripheral unit control registers (3) 
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03C016 
03C116 
03C216 
03C316 
03C416 | [A-D register 0 (ADO 
03C516 
03C616 | A-D register 1 (AD1 
03C716 
03C816 
03C916 
03CAi6| [A-D register 3 (AD3) 
O03CBi6 
03cCis| A-D register 4 (AD4) 
03CDi6 
03CE16 
O3CFi6 
D016 
D116 
D216 
D316 
D416 
D516 
D616 
D716 
D816 
D916 
DA16 
DBi6 
DCi6 
DD16 
DE16 


DF16 


O3E016 

O3E116 
03E216 
03E316 
03E416 |_ Port P2 register (P2) 

03E516 |_ Port P3 register (P3) 

03E6i6 | Port P2 direction register (PD2 
03E716 | Port P3 directi iste 

O3E8i6 

03E916 

O3EAts 
O3EB16 
O3EC16 

O3EDi6 

OSEE16 
O3EFt6 
O3FO16 

O3F 116 

O3F 216 
03F316 
03F416 

O03F516 
osF6i| Port P10 direction register(PD10) 
03F716 
O3F 816 
O3F916 
O3FA16 
O3FB16 
O3FC16 
O3FD16 
O3FEt6 
O3FFi6 


Figure 2.1.5 Location of peripheral unit control registers (4) 
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2.2 Central Processing Unit (CPU) 


The CPU has a total of 13 registers shown in Figure 2.2.1. Seven of these registers (RO, R1, R2, R3, AO, 
A1, and FB) come in two sets; therefore, these have two register banks. 


bO 


Program counter 
|e ee ee 


Data 
registers 
bo 


Interrupt table 
LIJIIIIIIII1111) register 


b15 bO 


User stack pointer 
PEt ditititiiit 


Interrupt stack 
pointer 


Address 
registers 


Static base 
register 


bO 


FB(Note) Frame base FLG erreenrenserts Flag register 
registers -LLLLLLLIL ILI 


Note: These registers consist of two register banks. 


Figure 2.2.1 Central processing unit register 


Rev. 1.0 


¢ MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M306V5ME-XXXSP 
M306V5EESP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER 
and ON-SCREEN DISPLAY CONTROLLER 


2.2.1 Data Registers (RO, ROH, ROL, R1, R1H, R1L, R2, and R3) 


Data registers (RO, R1, R2, and R3) are configured with 16 bits, and are used primarily for transfer and 
arithmetic/logic operations. 

Registers RO and R1 each can be used as separate 8-bit data registers, high-order bits as (ROH/R1H), 
and low-order bits as (ROL/R1L). In some instructions, registers R2 and RO, as well as R3 and R1 can 
use as 32-bit data registers (R2RO/R3R1). 


2.2.2 Address Registers (A0 and A1) 


Address registers (AO and A1) are configured with 16 bits, and have functions equivalent to those of data 
registers. These registers can also be used for address register indirect addressing and address register 
relative addressing. 
In some instructions, registers A1 and AO can be combined for use as a 32-bit address register (A1A0). 
2.2.3 Frame Base Register (FB) 
Frame base register (FB) is configured with 16 bits, and is used for FB relative addressing. 
2.2.4 Program Counter (PC) 


Program counter (PC) is configured with 20 bits, indicating the address of an instruction to be executed. 


2.2.5 Interrupt Table Register (INTB) 


Interrupt table register (INTB) is configured with 20 bits, indicating the start address of an interrupt vector 
table. 

2.2.6 Stack Pointer (USP/ISP) 
Stack pointer comes in two types: user stack pointer (USP) and interrupt stack pointer (ISP), each config- 
ured with 16 bits. 
Your desired type of stack pointer (USP or ISP) can be selected by a stack pointer select flag (U flag). 
This flag is located at the position of bit 7 in the flag register (FLG). 

2.2.7 Static Base Register (SB) 
Static base register (SB) is configured with 16 bits, and is used for SB relative addressing. 


2.2.8 Flag Register (FLG) 


Flag register (FLG) is configured with 11 bits, each bit is used as a flag. Figure 2.2.2 shows the flag 
register (FLG). The following explains the function of each flag: 
¢ Bit 0: Carry flag (C flag) 
This flag retains a carry, borrow, or shift-out bit that has occurred in the arithmetic/logic unit. 
- Bit 1: Debug flag (D flag) 
This flag enables a single-step interrupt. 
When this flag is “1”, a single-step interrupt is generated after instruction execution. This flag is 
cleared to “O” when the interrupt is acknowledged. 
¢ Bit 2: Zero flag (Z flag) 
This flag is set to “1” when an arithmetic operation resulted in 0; otherwise, cleared to “O”. 
¢ Bit 3: Sign flag (S flag) 
This flag is set to “1” when an arithmetic operation resulted in a negative value; otherwise, cleared to “O”. 
¢ Bit 4: Register bank select flag (B flag) 
This flag chooses a register bank. Register bank 0 is selected when this flag is “O” ; register bank 1 is 
selected when this flag is “1”. 
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¢ Bit 5: Overflow flag (O flag) 

This flag is set to “1” when an arithmetic operation resulted in overflow; otherwise, cleared to “0”. 
Bit 6: Interrupt enable flag (I flag) 

This flag enables a maskable interrupt. 

An interrupt is disabled when this flag is “0”, and is enabled when this flag is “1”. This flag is cleared to 
“0” when the interrupt is acknowledged. 

Bit 7: Stack pointer select flag (U flag) 

Interrupt stack pointer (ISP) is selected when this flag is “O” ; user stack pointer (USP) is selected 
when this flag is “1”. 


This flag is cleared to “O” when a hardware interrupt is acknowledged or an INT instruction of software 
interrupt Nos. 0 to 31 is executed. 

Bits 8 to 11: Reserved area 

Bits 12 to 14: Processor interrupt priority level (IPL) 

Processor interrupt priority level (IPL) is configured with three bits, for specification of up to eight 
processor interrupt priority levels from level 0 to level 7. 

If a requested interrupt has priority greater than the processor interrupt priority level (IPL), the interrupt 
is enabled. 

- Bit 15: Reserved area 


The C, Z, S, and O flags are changed when instructions are executed. See the software manual for 
details. 


Flag register (FLG) 


Carry flag 

Debug flag 

Zero flag 

Sign flag 

Register bank select flac 


Overflow flag 


Interrupt enable flag 
Stack pointer select flag 


Reserved area 


Processor interrupt prior 


Reserved area 


Figure 2.2.2 Flag register (FLG) 
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2.3 Reset 
There are two kinds of resets; hardware and software. In both cases, operation is the same after the reset. 
(See “Software Reset” for details of software resets.) This section explains on hardware resets. 
When the supply voltage is in the range where operation is guaranteed, a reset is effected by holding the 
reset pin level “L” (0.2Vcc max.) for at least 20 cycles. When the reset pin level is then returned to the “H” 
level while main clock is stable, the reset status is cancelled and program execution resumes from the 
address in the reset vector table. 
Figure 2.3.1 shows the example reset circuit. Figure 2.3.2 shows the reset sequence. 


OV 


Example when f(XIN) = 10 MHz and Vcc = 5V. 


Figure 2.3.1 Example reset circuit 


2.3.1 Software Reset 


Writing “1” to bit 3 of the processor mode register 0 (address 000416) applies a (software) reset to the 
microcomputer. A software reset has almost the same effect as a hardware reset. The contents of internal 
RAM are preserved. 


xn {EI 

|More than 20 cycles are needed 

Single-chip 
mode 


RESET i BCLK 24cycles 
ee 


$4 


Content of reset vector 


Content of reset vector 


Address 


Figure 2.3.2 Reset sequence 


Rev. 1.0 


MITSUBISHI 19 
ELECTRIC 


20 


MITSUBISHI MICROCOMPUTERS 


M306V5ME-XXXSP 
M306V5EESP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER 
and ON-SCREEN DISPLAY CONTROLLER 


2.3.2 Pin Status When RESET Pin Level is “L” 
Table 2.3.1 shows the statuses of the other pins while the RESET pin level is “L”. Figures 2.3.3 and 2.3.4 
show the internal status of the microcomputer immediately after the reset is cancelled. 


Table 2.3.1 Pin status when RESET pin level is “L” 


Pin name 


PO, P2, P3, 

P40 to P43, 

P50, P52, P53, P55, 
P62, P63, P67, 

P70 to P72, P74, P76, 
P82, 

P90, P93, P94, 

P100, P101 


Status 


Input port (floating) 


CNVss = Vss 


R, G, B, OUT1,OUT2 


Output port 


CVIN, VHOLD, 
HLF 


Input/output port 


OSC1 


Input port 


OSC2 


Output port 


a 


MITSUBISHI 
ELECTRIC 
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Processor mode register 0 (Note) (000416)--- Timer BO interrupt control register (005A16)--- 


Processor mode register 1 (000516)--- Timer B1 interrupt control register (005B16)--- 


System clock control register 0 (000616)--- Timer B2 interrupt control register (005C16)--- 


System clock control register 1 (000716)--- INTO interrupt control register (005D16):-- 


Address match interrupt 
enable register 


Protect register (OO0A16)--- SPRITE OSD control register (0201 16)--- 


(000916)--- INT1 interrupt control register (005E16)--- 


Watchdog timer control register (OOOF16)--- 2] 2727217 OSD control register 1 (020216)--- 


Address match interrupt register 0 001016)--- OSD control register 2 (020316)--- 


(001116)--- Horizontal position register (020416)--- 


001216)--- Clock control register (020516)--- 


Address match interrupt register 1 001416)--- I/O polarity control register (020616)--- 


001516)--- OSD control register 3 (020716)--- 


001616)--- Raster color register (020816)--- 


DMAO control register (002C16)--- ? (020916)--- 


DMA1 control register (003C16)--- ? OSD reserved register 1 (025D16)--- 


OSD1 interrupt control register (004416)--- ? OSD control register 4 (025F16)--+ 


OSD2 interrupt control register (004816)--- ? Data slicer control register 1 (026016)--- 


u patel | 
Heiitonmeieseen (004916)... ? Data slicer control register 2 (026116)---[? 


Bus collision detection interrupt (004A\16)--- 
control register 


DMAO interrupt control register (004B16)--- ? Data slicer reserved register 2 (026716)--- 


Caption position register (026616)--- 


DMA‘ interrupt control register (004C16)--- ? Data slicer reserved register 1 (026816)--- 
Multi-master I2C-BUS interface 0 
interrupt control register 
A-D conversion interrupt 
control register (004E16)--- 
UART2 transmit interrupt 
control register 

UART2 receive interrupt 
control register 

UARTO transmit interrupt 
control register 


UARTO receive interrupt 
control register (005216)--- Q (027316): 


(004D16)--- 2 Clock run-in detect register (026916): 


Data clock position register (026A16):-- 


(004F 16)--- ? Left border control register (027016): 


(005016)--- ? (027116)--- 


(005116)--- 7 Right border control register (027216)--- 


Data slicer interrupt control register (005316)--- ? aa eas position register (997916)... 


Vsync interrupt control register (005416)--- 7 OSD reserved register 4 (027A16)--- 


Timer AO interrupt control register (005516)--- ? OSD reserved register 3 (027B16)--- 


Timer A1 interrupt control register (005616)--- ? OSD reserved register 2 (027C16)-- 


Timer A2 interrupt control register (005716)--- ? Peripheral mode register (027D16):-- 


Timer A3 interrupt control register (005816)--- ? Hsync counter register (027E16):-+ 


Timer A4 interrupt control register (005916)--- 


X : Nothing is mapped to this bit 
? : Undefined 


The content of other registers and RAM is undefined when the microcomputer is reset. The initial values 
must therefore be set. 


Figure 2.3.3 Device’s internal status after a reset is cleared (1) 
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?CO address register (02E116)--- UART transmit/receive control register 2 (03B016)--- 


2CO status register (02E216)--- ? DMAO request cause select register (03B816)--- 


2C0 control register (02E316)--- DMA1 request cause select register (O3BA16)--- 


C0 clock control register (02E416)--- A-D control register 2 (03D416):-- 


CO port selection register (02E516)--- ?|? A-D control register 0 (03D616)-:- 


2C1 address register (02E916)--- A-D control register 1 (03D716):-- 


?C1 status register (O2EA16):--- ? D-A control register (03DC16):-- 


2C1 control register (02EBi6):-- Port PO direction regis (03E216)--- 


2C1 clock control register (02EC16)--- Port reserved register (03E316)--- 


2C1 port selection register (02ED16):-- ?|? Port P2 direction regis (03E616)--- 


Reserved register 1 (034016)-.- hae aa Port P3 direction regis (03E716)--- 


Reserved register 0 (034816)-- Port P4 direction regis: (O3EA16)--- 


nterrupt request cause select register (035F 16)--- Port P5 direction regis (03EB16)--- 


Reserved register 3 (036216)--- Port P6 direction regis’ (O3EE16)--- 


Reserved register 4 (036616)--- Port P7 direction regis’ (O3EF16)--- 


Reserved register 5 (037616)--- Port P8 direction regis (03F216)--- 


UART2 special mode register (037716)--- Port P9 direction regis (03F316)--- 0016 


UART2 transmit/receive mode register (037816)--- Port P10 direction register (03F616)--- 0016 


UART2 transmit/receive control registerO0 (037C16)--- 


Pull-up control register 0 (O3FCi16)--- 0016 


UART2 transmit/receive control register 1 (037D16)--- 


Pull-up control register 1 (Note) (O3FD16)--- 0016 


Count start flag (038016):--- 


Pull-up control register 2 (O3FE16)--- 0016 


Reserved register 6 (0381 16)--- 


Port reserved register 3 (O3FF16)--- 0016 
One-shot start flag (038216)--- Data registers (RO/R1/R2/R3) 000016 


Trigger select register (038316). Address registers (A0/A1) 000016 


Up-down flag (038416)--- Frame base register (FB) 000016 


Timer AO mode regis (039616)--- nterrupt table register (INTB) 0000016 


Timer A1 mode regis (039716)--- User stack pointer (USP) 000016 


Timer A2 mode regis (039816)--- nterrupt stack pointer (ISP) 000016 


Timer A3 mode regis (039916)--- Static base register (SB) 000016 


Timer A4 mode regis (039A 16)--- Flag register (FLG) 000016 


Timer BO mode regis (039B16)--- 


Timer B1 mode register (039C16):-- 


Timer B2 mode register (039D16)-:- 


UARTO transmit/receive mode register (03A016)--- 


UARTO transmit/receive control registerO (03A416)--- 


UARTO transmit/receive control register 1 (03A516)--- 


Reserved register 2 (03A816)--- 


x : Nothing is mapped to this bit 
?: Undefined 


The content of other registers and RAM is undefined when the microcomputer is reset. The initial values 
must therefore be set. 


Figure 2.3.4 Device’s internal status after a reset is cleared (2) 
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2.4 Single-chip Mode 
This microcomputer supports single-chip mode only. 
In single-chip mode, only internal memory space (SFR, OSD RAM, internal RAM, and internal ROM) can 
be accessed. Ports PO, P2 to P10 can be used as programmable I/O ports or as I/O ports for the internal 
peripheral functions. 
Figure 2.4.1 shows the processor mode register 0 and Figure 2.4.2 shows the processor mode register 1. 
Figure 2.4.3 shows the memory map. 


Processor mode register 0 (Note) 


Symbol Address When reset 
000416 0016 


[Bitsy 


' F Bi bo 
| PMoO Processor mode bit bor Singlectipinieds O.0) 
0 1: Inhibited 


1 0: Inhibited 
1 1: Inhibited 


Reserved bit Must always be set to “0” joo 
PMO3 Software reset bit The device is reset when this bit is set 

to “1”. The value of this bit is “O” when 

read. 


Reserved bits Must always be set to “0” joo 


Note : Set bit 1 of the protect register (address 000A16) to “1” when writing new 
values to this register. 


Figure 2.4.1 Processor mode register 0 


Processor mode register 1 (Note 1) 


b7 b6 bS5 b4 b3 b2 bi b0 Symbol Address When reset 


| fofoofo |x} 1{o, PM1 000516 00000X002 


Bit symbol 
4 Reserved bit Must always be set to “O” lo'o| 


Reserved bit (Note 2) Must always be set to “1” loo 


Nothing is assigned. 
In an attempt to write to this bit, write “0.” The value, if read, turns out to be 
indeterminate. 


Reserved bits Must always be set to “0” 0 


Flin? 0: No wait state 
PM17 
Wait bit 1 : Wait state inserted 00 


Notes 1: Set bit 1 of the protect register (address 000A16) to “1” when writing new 
values to this register. 
2: As this bit becomes “0” at reset, must always be set to “1” after reset 
release. 


Figure 2.4.2 Processor mode register 1 
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SFR area 


Internal 
reserved area 


Internal 
RAM area 


Internal 
reserved area 


OSD ROM 


Internal 
reserved area 


Internal 
ROM area 


Figure 2.4.3 Memory map in single-chip mode 
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2.4.1 Software Wait 
A software wait can be inserted by setting the wait bit (bit 7) of processor mode register 1 (address 
000516). 
A software wait is inserted in the internal ROM/RAM area by setting the wait bit of the processor mode 
register 1. When set to “0”, each bus cycle is executed in one BCLK cycle. When set to “1”, each bus cycle 
is executed in two BCLK cycles. After the microcomputer has been reset, this bit defaults to “O”. 
The SFR area and the OSD RAM area is always accessed in two BCLK cycles regardless of the setting 
of these control bits. 
Table 2.4.1 shows the software wait and bus cycles. Figure 2.4.4 shows example bus timing when using 
software waits. 


Table 2.4.1 Software waits and bus cycles 


Wait bit Bus cycle 


Invalid 2 BCLK cycles 


Internal 1 BCLK cycle 


ROM/RAM 


2 BCLK cycles 
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< No wait > Bus cycle 


BCLK 


Write signal 
Read signal | 


Chip select ee ee ee ee ee ee 


< With wait > 
Bus cycle 


BCLK 


Write signal 


Read signal 


re ee es ee 
Data bus i Oulaut 
Chip select 


Figure 2.4.4 Typical bus timings using software wait 
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2.5 Clock Generating Circuit 
The clock generating circuit contains each oscillator circuit that supplies the operating clock sources to the 
CPU and internal peripheral units and that supplies the operating clock source to OSD. 


Table 2.5.1. Clock oscillation circuits 
Use of clock * CPU’s operating clock source * OSD’s operating clock source 

¢ Internal peripheral units’ 
operating clock source 

Usable oscillator * Ceramic resonator * Ceramic resonator 

(or quartz-crystal oscillator) (or quartz-crystal oscillator) 

¢ LC oscillator 

Pins to connect oscillator XIN, XOUT OSC1, OSC2 

Oscillation stop/restart function — | Available 

Oscillator status immediately after reset | Oscillating 

Other Externally derived clock can be input 


2.5.1 Example of Oscillator Circuit 
Figure 2.5.1 shows some examples of the main clock circuit, one using an oscillator connected to the 
circuit, and the other one using an externally derived clock for input. Circuit constants in Figure 2.5.1 vary 
with each oscillator used. Use the values recommended by the manufacturer of your oscillator. 


Microcomputer Microcomputer 
(Built-in feedback resistor) (Built-in feedback resistor) 


XIN XIN XOUT 


Externally derived clock 


Vss 


Note: Insert a damping resistor if required. The resistance will vary depending on the oscillator and the oscillation drive 
capacity setting. Use the value recommended by the maker of the oscillator. 
When the oscillation drive capacity is set to low, check that oscillation is stable. When being specified to connect a 
feedback resistor externally by the manufacture, connect a feedback resistor between pins XIN and XOUT. 


Figure 2.5.1 Examples of main clock 
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2.5.2 OSD Oscillation Circuit 
The OSD clock oscillation circuit can obtain simply a clock for OSD by connecting an LC oscillator or a 
ceramic resonator (or a quartz-crystal oscillator) across the pins OSC1 and OSC2. Which of LC oscillator 


or a ceramic resonator (or a quartz-crystal oscillator) is selected by setting bits 1 and 2 of the clock control 
register (address 020516). 


Microcomputer 


OSC1 OSC2 


Figure 2.5.2 OSD clock connection example 


2.5.3 Clock Control 
Figure 2.5.3 shows the block diagram of the main clock generating circuit. 


[> f1S102 


fsSlO2 


Sub clock 
CM10 “1” 
Write signal = 
oO 


RESET a 
RESEL —i> q >— Belk 
Software reset oe ets BY [ é % 


f32S102 


Interrupt request 
level judgment 
output 


WAIT instruction —+4 


MO06=0 
CM17,CM16=11 


CM06=0 
CM17,CM16=10 


CM06=0 
CM17,CM16=01 


CM06=0 
CM17,CM16=00 


CMOi : Bit i at address 000616 
CM1i : Bit i at address 000716 
WDCi : Bit i at address 000F 16 


Figure 2.5.3 Clock generating circuit 
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The following paragraphs describes the clocks generated by the clock generating circuit. 
(1) Main clock 

The main clock is generated by the main clock oscillation circuit. After a reset, the clock is divided by 
8 to the BCLK. The clock can be stopped using the main clock stop bit (bit 5 at address 000616). 
After the oscillation of the main clock oscillation circuit has stabilized, the drive capacity of the main 
clock oscillation circuit can be reduced using the XIN-XOUT drive capacity select bit (bit 5 at address 
000716). Reducing the drive capacity of the main clock oscillation circuit reduces the power dissipa- 
tion. This bit changes to “1” when shifting from high-speed/medium-speed mode to stop mode and at 
a reset. 


(2) BCLK 
The internal clock @ is the clock that drives the CPU, and is the clock derived by dividing the main 
clock by 1, 2, 4, 8, or 16. The BCLK is derived by dividing the main clock by 8 after a reset. 
The main clock division select bit 0 (bit 6 at address 000616) changes to “1” when shifting from high- 
speed/medium-speed to stop mode and at reset. 


(3) Peripheral function clock (f1, f8, £32, f1SI02, f8SI02, f32S102, fAD) 
The clock for the peripheral devices is derived by dividing the main clock by 1, 8 or 32. The peripheral 
function clock is stopped by stopping the main clock or by setting the WAIT peripheral function clock 
stop bit (bit 2 at 000616) to “1” and then executing a WAIT instruction. 
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Figures 2.5.4 and 2.5.5 shows the system clock control registers 0 and 1. 


System clock control register 0 (Note 1) 


b7 b6 bS b4 b3 b2 bit bO 
0 ololt olo Symbol Address When reset 
CMO 000616 4816 
oe es eee eo Bit name Function 
eee ae 
CMo2 WAIT peripheral function | 0 : Do not stop peripheral function clock in wait mode 
clock stop bit 1 : Stop peripheral function clock in wait mode 
a og 


Reserved bits Must always be set to “0” 9} 


Main clock division select | 0 : CM16 and CM17 valid eye) 
bit 0 (Note 2) 1 : Division by 8 mode ' 


Reserved bit Must always be set to “0” 


Notes 1: Set bit 0 of the protect register (address 000A16) to “1” before writing to this register. 
2: This bit changes to “1” when shifting from high-speed/medium-speed mode to stop mode and at a reset. 


Figures 2.5.4 System clock control register 0 


System clock control register 1 (Note 1) 


b7 b6 bS5 b4 b3 b2 b1 bd 

TT [ fofofojoy | Symbol Address When reset 

LET fefefo fot CM1 000716 2016 

ae ee | | Bit symbol | symbol | ss Bitname name | s*Furction [RW 


‘ CM10 All clock stop control bit 0 : Clock on 
rr (Note 4) 1: All clocks off (stop mode) 


Reserved bits Must always be set to “O” 


XIN-XOUT drive capacity 0: LOW 
select bit (Note 2) 


Main clock division 00: No division mode 

select bit 1 (Note 3) 0 1 : Division by 2 mode 
1 0 : Division by 4 mode 
1 1: Division by 16 mode 


Notes 1: Set bit 0 of the protect register (address 000A16) to “1” before writing to this register. 
2: This bit changes to “1” when shifting from high-speed/medium-speed mode to stop mode and ata 
reset. 
3: Can be selected when bit 6 of the system clock control register 0 (address 000616) is “0.” 
If “1”, division mode is fixed at 8. 
4: If this bit is set to “1,” XOUT turns “H,” and the built-in feedback resistor is cut off. 


Figure 2.5.5 System clock control register 1 
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2.5.4 Stop Mode 
Writing “1” to the all-clock stop control bit (bit 0 at address 000716) stops all oscillation and the microcom- 
puter enters stop mode. In stop mode, the content of the internal RAM is retained provided that Vcc 
remains above 4.5V. 
Because the oscillation, BCLK, f1 to f32, f1SIl02 to f32S102, and fAD stops in stop mode, peripheral functions 
such as the A-D converter and watchdog timer do not function. However, timer B operates provided that 
the event counter mode is set to an external pulse, and UARTi (i = 0, 2) functions provided an external 
clock is selected. Table 2.5.2 shows the status of the ports in stop mode. 
Stop mode is cancelled by a hardware reset or an interrupt. If an interrupt is to be used to cancel stop 
mode, that interrupt must first have been enabled. If returning by an interrupt, that interrupt routine is 
executed. 
When shifting from high-speed/medium-speed mode to stop mode and at a reset, the main clock division 
select bit 0 (bit 6 at address 000616) is set to “1.” When shifting from low-speed/low power dissipation 
mode to stop mode, the value before stop mode is retained. 


Table 2.5.2 Port status during stop mode 
Pin State 


Port | Retains status before stop mode 


2.5.5 Wait Mode 

When a WAIT instruction is executed, the BCLK stops and the microcomputer enters the wait mode. In 
this mode, oscillation continues but the BCLK and watchdog timer stop. Writing “1” to the WAIT peripheral 
function clock stop bit and executing a WAIT instruction stops the clock being supplied to the internal 
peripheral functions, allowing power dissipation to be reduced. Table 2.5.3 shows the status of the ports 
in wait mode. 

Wait mode is cancelled by a hardware reset or an interrupt. If an interrupt is used to cancel wait mode, the 
microcomputer restarts from the interrupt routine using as BCLK, the clock that had been selected when 
the WAIT instruction was executed. 


Table 2.5.3 Port status during wait mode 


Pin State 
Port Retains status before wait mode 
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2.5.6 Status Transition of BCLK 


Power dissipation can be reduced and low-voltage operation achieved by changing the count source for 
BCLK. Table 2.5.4 shows the operating modes corresponding to the settings of system clock control 
registers O and 1. 
After a reset, operation defaults to division by 8 mode. When shifting to stop mode, the main clock division 
select bit 0 (bit 6 at address 000616) is set to “1”. The following shows the operational modes of internal 
clock 9. 
(1) Division by 2 mode 
The main clock is divided by 2 to obtain the BCLK. 
(2) Division by 4 mode 
The main clock is divided by 4 to obtain the BCLK. 
(3) Division by 8 mode 
The main clock is divided by 8 to obtain the BCLK. Note that oscillation of the main clock must have 
stabilized before transferring from this mode to another mode. 
(4) Division by 16 mode 
The main clock is divided by 16 to obtain the BCLK. 
(5) No-division mode 
The main clock is used as the BCLK. 


Table 2.5.4 Operating modes dictated by settings of system clock control registers 0 and 1 
Operating mode of BCLK 

Invalid Division by 2 mode 

Invalid Division by 4 mode 


Invalid Division by 8 mode 
Invalid Division by 16 mode 
Invalid No-division mode 
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2.5.7 Power Control 
The following is a description of the three available power control modes: 


Modes 
Power control is available in three modes. 


(1) Normal operation mode 


High-speed mode 
Divide-by-1 frequency of the main clock becomes the BCLK. The CPU operates with the internal 
clock selected. Each peripheral function operates according to its assigned clock. 


H Medium-speed mode 
Divide-by-2, divide-by-4, divide-by-8, or divide-by-16 frequency of the main clock becomes the 
BCLK. The CPU operates according to the internal clock selected. Each peripheral function operates 
according to its assigned clock. 


(2) Wait mode 
The CPU operation is stopped. The oscillators do not stop. 


(3) Stop mode 
All oscillators stop. The CPU and all built-in peripheral functions stop. This mode, among the three 
modes listed here, is the most effective in decreasing power consumption. 


Figure 2.5.6 is the state transition diagram of the above modes. 
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Transition of stop mode, wait mode 


Reset 
wy 


Stop mode 
XX 


Interrupt 


| 

\ 
Medium-speed mode 
(Divided-by-8 mode) 


All oscillators stopped 


Interrupt 


. 


 oneas: Stop mode ) nance a 


a / 


All oscillators stopped 


High-speed/ 
medium-speed 
mode 


: 


WAIT 
instruction 


Wait mode 
Interrupt Se 
CPU operation stopped 


WAIT 


instruction a 
Wait mode 


YY. 


Interrupt 
CPU operation stopped 


(See the figure below as for transition of normal mode) 


Transition of normal mode 


vx 


Main clock is oscillating 


Medium-speed mode (divided-by-8 mode) 


BCLK : f(XIN)/8 
CMO6 = “1” 


CMO6 = “0” | 


| CMO06 = “1” 


\ 


ie 


High-speed mode 


Main clock is oscillating 


— -speed mode (divided- a2 -2) 


>) 


a 


BCLK : f(XIN) 
CMO6 = “0” 
CM17 = “0” 


CM16 = “0” 


BCLK : f(XIN)/2 
CMO6 = “0” 
CM17 = “0” CM16 = “1” 


Medium-speed mode (divi 


ded-by-4) 


Medium-speed mode (divided-by-16) 


A BCLK: f(XIN)/4 
| CMO6 = “0” 
CM17 = “1” 


CM16 = “0” 


CM17 = “1” 


»\ 
BCLK : f(XIN)/16 
CMO6 = “0” 


CM16 = “1” 


Notes 1: Switch clocks after oscillation of main clock is 
sufficiently stable. 
2:Change CMO06 after changing CM17 and 
CM16. 


Z 


3: Transit in accordance with arrows. 


of 


Figure 2.5.6 State transition diagram of Power control mode 
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2.6 Protection 

The protection function is provided so that the values in important registers cannot be changed in the event 
that the program runs out of control. Figure 2.6.1 shows the protect register. The values in the processor 
mode register 0 (address 000416), processor mode register 1 (address 000516), system clock control reg- 
ister 0 (address 000616), system clock control register 1 (address 000716) and port P9 direction register 
(address 03F316) can only be changed when the respective bit in the protect register is set to “1”. There- 
fore, important outputs can be allocated to port P9. 

If, after “1” (write-enabled) has been written to the port P9 direction register write-enable bit (bit 2 at address 
000A 16), a value is written to any address, the bit automatically reverts to “O” (write-inhibited). However, the 
system clock control registers 0 and 1 write-enable bit (bit 0 at O00A16) and processor mode register 0 and 
1 write-enable bit (bit 1 at O0O0A16) do not automatically return to “O” after a value has been written to an 
address. The program must therefore be written to return these bits to “O”. 


Protect register 


b7 b6 bS b4 b3 b2 bi b0 


Symbol Address When reset 
PRCR 000A16 XXXXX0002 


BT Symbol 


Enables writing to system clock sAafeiieheaicl 
. PRCO control registers 0 and 1 (addresses ; : A eta 
000616 and 000716) : 
Enables writing to processor mode iitadA Bibi 
PRC1 registers 0 and 1 (addresses 0004 16 ; : Nia aa 
and 000516) . 


PRC2 


register (address 03F3 16) 0 : Write-inhibited 
(Note) 1 : Write-enabled 


Nothing is assigned. 
In an attempt to write to these bits, write “0.” The value, if read, turns out to be 
indeterminate. 


Enables writing to port P9 direction pe 


Note: Writing a value to an address after “1” is written to this bit returns the bit 
to “0.” Other bits do not automatically return to “O” and they must therefore 
be reset by the program. 


Figure 2.6.1 Protect register 
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2.7 Interrupts 


2.7.1 Type of Interrupts 
Figure 2.7.1 lists the types of interrupts. 


Undefined instruction (UND instruction) 
Overflow (INTO instruction) 

BRK instruction 

INT instruction 


Software 


Interrupt 
Reset 


DBC 

Special —M—t+——_ J Watchdog timer 
Single step 
Address matched 


Hardware 


Peripheral I/O (Note) 


Note: Peripheral I/O interrupts are generated by the peripheral functions built into the microcomputer system. 


Figure 2.7.1 Classification of interrupts 


¢ Maskable interrupt : An interrupt which can be enabled (disabled) by the interrupt enable flag 
(I flag) or whose interrupt priority can be changed by priority level. 

¢ Non-maskable interrupt : An interrupt which cannot be enabled (disabled) by the interrupt enable flag 
(I flag) or whose interrupt priority cannot be changed by priority level. 
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2.7.2 Software Interrupts 


A software interrupt occurs when executing certain instructions. Software interrupts are non-maskable 
interrupts. 


¢ Undefined instruction interrupt 
An undefined instruction interrupt occurs when executing the UND instruction. 

* Overflow interrupt 
An overflow interrupt occurs when executing the INTO instruction with the overflow flag (O flag) set to 
“1”. The following are instructions whose O flag changes by arithmetic: 
ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, SUB 

- BRK interrupt 
A BRK interrupt occurs when executing the BRK instruction. 

- INT interrupt 
An INT interrupt occurs when assiging one of software interrupt numbers 0 through 63 and executing 
the INT instruction. Software interrupt numbers 0 through 31 are assigned to peripheral I/O interrupts, 
so executing the INT instruction allows executing the same interrupt routine that a peripheral I/O 
interrupt does. 
The stack pointer (SP) used for the INT interrupt is dependent on which software interrupt number is 
involved. 
So far as software interrupt numbers 0 through 31 are concerned, the microcomputer saves the stack 
pointer assignment flag (U flag) when it accepts an interrupt request. If change the U flag to “O” and 
select the interrupt stack pointer (ISP), and then execute an interrupt sequence. When returning from 
the interrupt routine, the U flag is returned to the state it was before the acceptance of interrupt re- 
quest. So far as software numbers 32 through 63 are concerned, the stack pointer does not make a 
shift. 
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2.7.3 Hardware Interrupts 
Hardware interrupts are classified into two types — special interrupts and peripheral I/O interrupts. 
(1) Special interrupts 

Special interrupts are non-maskable interrupts. 

- Reset 
Reset occurs if an “L” is input to the RESET pin. 

¢ DBC interrupt 
This interrupt is exclusively for the debugger, do not use it in other circumstances. 

¢ Watchdog timer interrupt 
Generated by the watchdog timer. 

¢ Single-step interrupt 
This interrupt is exclusively for the debugger, do not use it in other circumstances. With the debug 
flag (D flag) set to “1,” a single-step interrupt occurs after one instruction is executed. 

- Address match interrupt 
An address match interrupt occurs immediately before the instruction held in the address indicated 
by the address match interrupt register is executed with the address match interrupt enable bit set to 
“1.” If an address other than the first address of the instruction in the address match interrupt register 
is set, no address match interrupt occurs. For address match interrupt, see 2.11 Address match 
Interrupt. 


(2) Peripheral I/O interrupts 
A peripheral I/O interrupt is generated by one of built-in peripheral functions. Built-in peripheral func- 
tions are dependent on classes of products, so the interrupt factors too are dependent on classes of 
products. The interrupt vector table is the same as the one for software interrupt numbers 0 through 
31 the INI instruction uses. Peripheral I/O interrupts are maskable interrupts. 
- Bus collision detection interrupt 
This is an interrupt that the serial I/O bus collision detection generates. 
¢ DMAO interrupt, DMA1 interrupt 
These are interrupts DMA generates. 
¢ Vsync interrupt 
Vsync interrupt occurs if a Vsync edge is input. 
¢ A-D conversion interrupt 
This is an interrupt that the A-D converter generates. 
- UARTO transmission, UART2 transmission interrupts 
These are interrupts that the serial I/O transmission generates. 
¢ UARTO reception, UART2 reception interrupts 
These are interrupts that the serial I/O reception generates. 
¢ Multi-master I?C-BUS interface 0 and multi-master I?C-BUS interface 1 interrupts 
This is an interrupt that the serial I/O transmission/reception is completed, or a STOP condition is 
detected. 
¢ Timer AO interrupt through timer A4 interrupt 
These are interrupts that timer A generates 
¢ Timer BO interrupt through timer B2 interrupt 
These are interrupts that timer B generates. 
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- INTo interrupt and INT1 interrupt 

An INT interrupt occurs if either a rising edge or a falling edge or a both edge is input to the INT pin. 
¢ OSD1 interrupt and OSD2 interrupt 

These are interrupts that OSD display is completed. 
- Data slicer interrupt 

This is an interrupt that data slicer circuit requests. 
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2.7.4 Interrupts and Interrupt Vector Tables 
If an interrupt request is accepted, a program branches to the interrupt routine set in the interrupt vector 
table. Set the first address of the interrupt routine in each vector table. Figure 2.7.2 shows the format for 
specifying the address. 
Two types of interrupt vector tables are available — fixed vector table in which addresses are fixed and 
variable vector table in which addresses can be varied by the setting. 


MSB LSB 
Vector address + 1 Mid address 


Vector address + 2 0000 High address 
Vector address + 3 0000 0000 


Figure 2.7.2 Format for specifying interrupt vector addresses 


(1) Fixed vector tables 
The fixed vector table is a table in which addresses are fixed. The vector tables are located in an area 
extending from FFFDC16 to FFFFF16. One vector table comprises four bytes. Set the first address of 
interrupt routine in each vector table. Table 2.7.1 shows the interrupts assigned to the fixed vector 
tables and addresses of vector tables. 


Table 2.7.1 Interrupts assigned to the fixed vector tables and addresses of vector tables 
Interrupt source Vector table addresses Remarks 

Address (L) to address (H) 

Undefined instruction | FFFDC16to FFFDF16 | Interrupt on UND instruction 

Overflow FFFE016 to FFFE316 Interrupt on INTO instruction 

BRK instruction FFFE416 to FFFE716 If the vector is filled with FF16, program execution starts from 

the address shown by the vector in the variable vector table 


Address match FFFE816 to FFFEBi6 | There is an address-matching interrupt enable bit 

Single step (Note) FFFEC16 to FFFEFi6 | Do not use 

Watchdog timer FFFFO16 to FFFF316 

DBC (Note) FFFF416 to FFFF716 Do not use 

Reserved source FFFE816 to FFFEB16 Do not use 

Reset FFFFC16 to FFFFF1i6 
Note: Interrupts used for debugging purposes only. 
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(2) Variable vector tables 
The fixed vector table is a table in which addresses are fixed. The vector tables are located in an area 
extending from FFFDC16 to FFFFF16. One vector table comprises four bytes. Set the first address of 
interrupt routine in each vector table. Table 2.7.2 shows the interrupts assigned to the fixed vector 


tables and addresses of vector tables. 


Table 2.7.2 Interrupts assigned to the variable vector tables and addresses of vector tables 


Software interrupt number 


Software interrupt number 0 


Vector table address 


Address (L) to address (H) 


+0 to +3 (Note) 


Interrupt source 


BRK instruction 


Cannot be masked | flag 


Remarks 


Software interrupt number 4 


+16 to +19 (Note 


OSD1 


Software interrupt number 5 


+20 to +23 (Note 


Reserved source 


Software interrupt number 6 


+24 to +27 (Note 


Reserved source 


Software interrupt number 7 


Reserved source 


Software interrupt number 8 


+32 to +35 (Note 


OSD2 


Software interrupt number 9 


(Note) 
(Note) 
(Note) 
+28 to +31 (Note) 
(Note) 
(Note) 


+36 to +39 (Note 


Multi-master |2C-BUS interface 1 


Software interrupt number 10 


+40 to +43 (Note 


Bus collision detection 


Software interrupt number 11 


+44 to +47 (Note 


DMAO 


Software interrupt number 12 


+48 to +51 (Note 


DMA1 


Software interrupt number 13 


+52 to +55 (Note 


Multi-master I2C-BUS interface 0 


Software interrupt number 14 


+56 to +59 (Note 


A-D conversion 


Software interrupt number 15 +60 to +63 (Note UART2 transmit 
Software interrupt number 16 +64 to +67 (Note UART2 receive 
Software interrupt number 17 UARTO transmit 


Software interrupt number 18 


+72 to +75 (Note 


UARTO receive 


(Note) 
(Note) 
(Note) 
(Note) 
(Note) 
(Note) 
(Note) 
+68 to +71 (Note) 
(Note) 
(Note) 
(Note) 
(Note) 
(Note) 
(Note) 
(Note) 


Software interrupt number 31 


+124 to +127 (Note 


Reserved source 


Software interrupt number 32 


to 
Software interrupt number 63 


+128 to +131 (Note 


to 
+252 to +255 (Note) 


Software interrupt number 19 +76 to +79 (Note Data slicer 
Software interrupt number 20 +80 to +83 (Note VSYNC 
Software interrupt number 21 +84 to +87 (Note Timer AO 
Software interrupt number 22 +88 to +91 (Note Timer A1 
Software interrupt number 23 +92 to +95 (Note Timer A2 
Software interrupt number 24 +96 to +99 (Note Timer A3 
Software interrupt number 25 +100 to +103 (Note) Timer A4 
Software interrupt number 26 +104 to +107 (Note) Timer BO 
Software interrupt number 27 +108 to +111 (Note) Timer B1 
Software interrupt number 28 +112 to +115 (Note) Timer B2 
Software interrupt number 29 +116 to +119 (Note) INTo 
Software interrupt number 30 +120 to +123 (Note) INT1 

(Note) 

(Note) 


Software interrupt 


Note: Address relative to address in interrupt table register (INTB). 


Cannot be masked | flag 


Rev. 1.0 


9 MITSUBISHI 
ELECTRIC 


i 


42 


MITSUBISHI MICROCOMPUTERS 


M306V5ME-XXXSP 
M306V5EESP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER 
and ON-SCREEN DISPLAY CONTROLLER 


2.7.5 Interrupt Control 
Descriptions are given here regarding how to enable or disable maskable interrupts and how to set the 
priority to be accepted. What is described here does not apply to non-maskable interrupts. 
Enable or disable a non-maskable interrupt using the interrupt enable flag (| flag), interrupt priority level 
selection bit, or processor interrupt priority level (IPL). Whether an interrupt request is present or absent 
is indicated by the interrupt request bit. The interrupt request bit and the interrupt priority level selection 
bit are located in the interrupt control register of each interrupt. Also, the interrupt enable flag (I flag) and 
the IPL are located in the flag register (FLG). 
Figure 2.7.3 shows the interrupt control registers. 
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Symbol Address When reset 

‘i OSDIIC(i = 1, 2) 004416, 004816 XXXX?0002 

Interrupt control register BCNIC 004A16 XXXX 20002 
DMilC(i = 0, 1) 004B16, 004C16 XXXX?0002 

IICOIC 004D16 XXXX?0002 

ADIC 004E16 XXXX?0002 

SITIC(i = 0 , 2) 005116, O04Fi6 XXXX?0002 

SiRIC(i = 0 , 2) 005216, 005016 XXXX?0002 

DSIC 005316 XXXX?0002 

VSYNCIC 005416 XXXX?0002 

TAiIC(i = 0 to 4) 005516 to 005916 XXXX?0002 

IIIT TBIIC(i = 0 to 2) Q05A16 to 005C16 ~~ XXXX?0002 


Bit symbol Bit name Function 


ILVLO Interrupt priority level 
select bit 


: Level 0 (interrupt disabled) 
: Level 1 
: Level 2 
: Level 3 
: Level 4 
: Level 5 
: Level 6 
: Level 7 


Interrupt request bit 0: Interrupt not requested 
1: Interrupt requested 


Nothing is assigned. 
In an attempt to write to these bits, write “0.” The value, if read, turns out to 
be indeterminate. 


Notes 1: This bit can only be accessed for reset (= 0), but cannot be accessed for set (= 1). 
2: To rewrite the interrupt control register, do so at a point that does not generate the 
interrupt register for that register. For details, see the precautions for interrupts. 


234-- Symbol Address When reset 
X10 | | Be INTiIC(i = 0, 1) 005D16, 0O05E16 + XX00?0002 
te WT yah Sean Sake a et IC1IC 004916 XX00?0002 


Bit symbol 


Interrupt priority level 
select bit 
: Level 0 (interrupt disabled) 
: Level 1 


: Level 2 
: Level 3 
: Level 4 
: Level 5 oo 


: Level 6 
: Level 7 


Interrupt request bit 0: Interrupt not requested 0:0o 
1: Interrupt requested ( ) 

Polarity select bit 0 : Selects falling edge 

(Note 2) 1: Selects rising edge 


Reserved bit Must always be set to “O” 
Nothing is assigned. 
In an attempt to write to these bits, write “O.” The value, if read, turns out to 


be indeterminate. 


Notes 1: This bit can only be accessed for reset (= 0), but cannot be accessed for set (= 1). 
2: Bit 4 at address 0049 16 is invalid. Must always be set to “0.” 
3: To rewrite the interrupt control register, do so at a point that does not generate the 
interrupt register for that register. For details, see the precautions for interrupts. 


Figure 2.7.3 Interrupt control registers 
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2.7.6 Interrupt Enable Flag (I flag) 
The interrupt enable flag (I flag) controls the enabling and disabling of maskable interrupts. Setting this 
flag to “1” enables all maskable interrupts; setting it to “O” disables all maskable interrupts. This flag is set 
to “O” after reset. 


2.7.7 Interrupt Request Bit 
The interrupt request bit is set to "1" by hardware when an interrupt is requested. After the interrupt is 
accepted and jumps to the corresponding interrupt vector, the request bit is set to "0" by hardware. The 
interrupt request bit can also be set to "0" by software. (Do not set this bit to "1"). 


2.7.8 Interrupt Priority Level Select Bit and Processor Interrupt Priority Level (IPL) 
Set the interrupt priority level using the interrupt priority level select bit, which is one of the component bits 
of the interrupt control register. When an interrupt request occurs, the interrupt priority level is compared 
with the IPL. The interrupt is enabled only when the priority level of the interrupt is higher than the IPL. 
Therefore, setting the interrupt priority level to “O” disables the interrupt. 

Table 2.7.3 shows the settings of interrupt priority levels and Table 2.7.4 shows the interrupt levels en- 
abled, according to the consist of the IPL. 


The following are conditions under which an interrupt is accepted: 
- interrupt enable flag (I flag) = 1 

- interrupt request bit = 1 

- interrupt priority level > IPL 


The interrupt enable flag (I flag), the interrupt request bit, the interrupt priority select bit, and the IPL are 
independent, and they are not affected by one another. 


Table 2.7.3 Settings of interrupt priority levels Table 2.7.4 Interrupt levels enabled according 
to the contents of the IPL 


pila alleles ey Ns IPL Enabled interrupt priority levels 
b2 b1 b0 IPL2 IPLi IPLo 
000 Level 0 (interrupt disabled) ———_ 000 Interrupt levels 1 and above are enabled 
0 0 1 Level 1 Low 00 1 Interrupt levels 2 and above are enabled 
010 Level 2 010 Interrupt levels 3 and above are enabled 
oad 1 Level 3 oO 7-4 Interrupt levels 4 and above are enabled 
1 0 0 Level 4 1 0 0 Interrupt levels 5 and above are enabled 
1 01 Level 5 1 01 Interrupt levels 6 and above are enabled 
1 1°40 Level 6 1 1 °0 Interrupt levels 7 and above are enabled 
1 11 Level 7 High 1 i All maskable interrupts are disabled 
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2.7.9 Rewrite Interrupt Control Register 
To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for 
that register. If there is possibility of the interrupt request occur, rewrite the interrupt control register after 
the interrupt is disabled. The program examples are described as follow: 


Example 1: 
INT_SWITCH1: 


FCLR- | 

AND.B_ #00h, 0055h 
NOP 

NOP 

FSET | 


Example 2: 
INT_SWITCH2: 


FCLR- | 

AND.B_ #00h, 0055h 
MOV.W MEM, RO 
FSET | 


Example 3: 
INT_SWITCHS: 


PUSHCG FLG 

FCLR- | 

AND.B #00h, 0055h 
POPG FLG 


; Disable interrupts. 
; Clear TAOIC int. priority level and int. request bit. 


; Enable interrupts. 


; Disable interrupts. 
; Clear TAOIC int. priority level and int. request bit. 


; Dummy read. 


; Enable interrupts. 


; Push Flag register onto stack 
; Disable interrupts. 

; Clear TAOIC int. priority level and int. request bit. 
; Enable interrupts. 


and ON-SCREEN DISPLAY CONTROLLER 


The reason why two NOP instructions or dummy read are inserted before FSET | in Examples 1 and 2 is 


to prevent the interrupt enable flag | from being set before the interrupt control register is rewritten due to 


effects of the instruction queue. 


When a instruction to rewrite the interrupt control register is executed but the interrupt is disabled, the 
interrupt request bit is not set sometimes even if the interrupt request for that register has been gener- 
ated. This will depend on the instruction. If this creates problems, use the below instructions to change 


the register. 
Instructions : AND, OR, BCLR, BSET 
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2.7.10 Interrupt Sequence 
An interrupt sequence — what are performed over a period from the instant an interrupt is accepted to the 
instant the interrupt routine is executed — is described here. 
If an interrupt occurs during execution of an instruction, the processor determines its priority when the 
execution of the instruction is completed, and transfers control to the interrupt sequence from the next 
cycle. If an interrupt occurs during execution of either the SMOVB, SMOVF, SSTR or RMPA instruction, 
the processor temporarily suspends the instruction being executed, and transfers control to the interrupt 
sequence. 
In the interrupt sequence, the processor carries out the following in sequence given: 


(1) CPU gets the interrupt information (the interrupt number and interrupt request level) by reading ad- 
dress 0000016. 

(2) Saves the content of the flag register (FLG) as it was immediately before the start of interrupt se- 
quence in the temporary register (Note) within the CPU. 

(3) Sets the interrupt enable flag (I flag), the debug flag (D flag), and the stack pointer select flag (U flag) 
to “O” (the U flag, however does not change if the INT instruction, in software interrupt numbers 32 
through 63, is executed) 

(4) Saves the content of the temporary register (Note 1) within the CPU in the stack area. 

(5) Saves the content of the program counter (PC) in the stack area. 

(6) Sets the interrupt priority level of the accepted instruction in the IPL. 


After the interrupt sequence is completed, the processor resumes executing instructions from the first 
address of the interrupt routine. 


Note: This register cannot be utilized by the user. 


2.7.11 Interrupt Response Time 
‘Interrupt response time’ is the period between the instant an interrupt occurs and the instant the first 
instruction within the interrupt routine has been executed. This time comprises the period from the 
occurrence of an interrupt to the completion of the instruction under execution at that moment (a) and the 
time required for executing the interrupt sequence (b). Figure 2.7.4 shows the interrupt response time. 


Interrupt request generated _ Interrupt request acknowledged 


Instruction Interrupt sequence _ Instruction in 
interrupt routine 
(b) 


Interrupt response time 


Figure 2.7.4 Interrupt response time 
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Time (a) is dependent on the instruction under execution. Thirty cycles is the maximum required for the 
DIVX instruction (without wait). 
Time (b) is as shown in Table 2.7.5. 


Table 2.7.5 Time required for executing the interrupt sequence 


Interrupt vector address| Stack pointer (SP) value 16-Bit bus, without wait 8-Bit bus, without wait 


Even 18 cycles (Note 1) 20 cycles (Note 1) 


Even 19 cycles (Note 1) 20 cycles (Note 1) 


Odd (Note 2) 19 cycles (Note 1) 20 cycles (Note 1) 


Odd (Note 2) 20 cycles (Note 1) 20 cycles (Note 1) 


Notes 1: Add 2 cycles in the case of a DBC interrupt; add 1 cycle in the case either of an address coinci- 
dence interrupt or of a single-step interrupt. 
2: Locate an interrupt vector address in an even address, if possible. 


BCLK 


Address bus \ Address Indeterminate \ SP-2 \ SP-4 \ vec \ vec+2 \ PC 


Data bus \ Interrupt \ Indeterminate 


: : SP-2 SP-4 vec vec+2 
information contents /\contents /\contents /\ contents 


\ Indeterminate 


The indeterminate segment is dependent on the queue buffer. 
If the queue buffer is ready to take an instruction, a read cycle occurs. 


Figure 2.7.5 Time required for executing the interrupt sequence 


2.7.12 Variation of IPL when Interrupt Request is Accepted 
If an interrupt request is accepted, the interrupt priority level of the accepted interrupt is set in the IPL. 


If an interrupt request, that does not have an interrupt priority level, is accepted, one of the values shown 
in Table 2.7.6 is set in the IPL. 


Table 2.7.6 Relationship between interrupts without interrupt priority levels and IPL 
Interrupt sources without priority levels Value set in the IPL 
Watchdog timer 7 


Reset 0 
Other Not changed 
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2.7.13 Saving Registers 

In the interrupt sequence, only the contents of the flag register (FLG) and that of the program counter 
(PC) are saved in the stack area. 

First, the processor saves the four higher-order bits of the program counter, and 4 upper-order bits and 8 
lower-order bits of the FLG register, 16 bits in total, in the stack area, then saves 16 lower-order bits of the 
program counter. Figure 2.7.6 shows the state of the stack as it was before the acceptance of the inter- 
rupt request, and the state the stack after the acceptance of the interrupt request. 

Save other necessary registers at the beginning of the interrupt routine using software. Using the 
PUSHM instruction alone can save all the registers except the stack pointer (SP). 


Address Stack area Address Stack area 
MSB MSB 


[SP] 
Program counter (PC.) ~<q—New stack 


pointer value 
Program counter (PCm) 
> Flag register (FLG.) 
Flag register Program 
(FLGu) counter (PCu) 


[SP] 

Stack pointer 
value before 
interrupt occurs 
Content of previous stack Content of previous stack 


Content of previous stack | Content of previous stack 


Stack status before interrupt request Stack status after interrupt request 
is acknowledged is acknowledged 


Figure 2.7.6 State of stack before and after acceptance of interrupt request 
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The operation of saving registers carried out in the interrupt sequence is dependent on whether the 
content of the stack pointer, at the time of acceptance of an interrupt request, is even or odd. If the 
content of the stack pointer (Note) is even, the content of the flag register (FLG) and the content of the 
program counter (PC) are saved, 16 bits at a time. If odd, their contents are saved in two steps, 8 bits at 
atime. Figure 2.7.7 shows the operation of the saving registers. 


Note: Stack pointer indicated by U flag. 


(1) Stack pointer (SP) contains even number 


Address Stack area Sequence in which order 


registers are saved 


[SP] — 4 (Even) Program counter (PC) 
(2) Saved simultaneously, 
(PCw) 


[SP] — 3(Odd) Program counter (PCu all 16 bits 


[SP] — 2 (Even) Flag register (FLG.) 
(1) Saved simultaneously, 
_ Flag register Program all 16 bits 
eel eed) (FLGu counter (PCx) 


Finished saving registers 


in two operations. 


(2) Stack pointer (SP) contains odd number 


Address Stack area Sequence in which order 
registers are saved 


[SP] — 5 (Even) 


[SP] — 4(Odd) Program counter (PC) 


P]—3(E Program counter (PCm) 
[SP] 2 Even) Saved simultaneously, 
Il 8 bi 
[SP] — 2(Odd) Flag register (FLG) albus 


z Flag register | Program 
[SP] — 1 (Even) (FLGx) | counter (PCx) 
[SP] (Odd) 


Finished saving registers 
in four operations. 


Note: [SP] denotes the initial value of the stack pointer (SP) when interrupt request is acknowledged. 
After registers are saved, the SP content is [SP] minus 4. 


Figure 2.7.7 Operation of saving registers 
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2.7.14 Returning from an Interrupt Routine 

Executing the REIT instruction at the end of an interrupt routine returns the contents of the flag register 
(FLG) as it was immediately before the start of interrupt sequence and the contents of the program 
counter (PC), both of which have been saved in the stack area. Then control returns to the program that 
was being executed before the acceptance of the interrupt request, so that the suspended process re- 
sumes. 

Return the other registers saved by software within the interrupt routine using the POPM or similar in- 
struction before executing the REIT instruction. 


2.7.15 Interrupt Priority 
If there are two or more interrupt requests occurring at a point in time within a single sampling (checking 
whether interrupt requests are made), the interrupt assigned a higher priority is accepted. 
Assign an arbitrary priority to maskable interrupts (peripheral I/O interrupts) using the interrupt priority 
level select bit. If the same interrupt priority level is assigned, however, the interrupt assigned a higher 
hardware priority is accepted. 
Priorities of the special interrupts, such as Reset (dealt with as an interrupt assigned the highest priority), 
watchdog timer interrupt, etc. are regulated by hardware. 
Figure 2.7.8 shows the priorities of hardware interrupts. 
Software interrupts are not affected by the interrupt priority. If an instruction is executed, control branches 
invariably to the interrupt routine. 


2.7.16 Interrupt priority level resolution circuit 


When two or more interrupts are generated simultaneously, this circuit selects the interrupt with the highest 
priority level. 
Figure 2.7.9 shows the circuit that judges the interrupt priority level. 
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Reset > DBC > Watchdog timer > Peripheral I/O > Single step > Address match 


Figure 2.7.8 Hardware interrupts priorities 


Priority level of each interrupt Level 0 (initial value) 


Cee — High 
Timer A1 
| O51 —_ % 
—_— — 
Timer B1 3 
7 VSYNC 


DMA1 : Priority of peripheral I/O interrupts 
: : (if priority levels are same) 

i Bus collision detection I—a 
OSD2 — 

: Timer AO ia 


Data slicer 


UARTO transmission 


UART2 transmission 


Multi-master |2C-BUS interface 0 Ia 


DMAO 


Multi-master I2C-BUS interface 1 }- 


Processor interrupt priority level (IPL) 


Interrupt enable flag (I flag) Interrupt request accepted 


Address match 


Watchdog timer 


Figure 2.7.9 Maskable interrupts priorities (peripheral I/O interrupts) 
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2.7.17 INT Interrupt 
INTo and INT1 are triggered by the edges of external inputs. The edge polarity is selected using the 
polarity select bit. 
As for external interrupt input, an interrupt can be generated both at the rising edge and at the falling edge 
by setting “1” in the INTi interrupt polarity switching bit of the interrupt request cause select register 
(035F 16). To select both edges, set the polarity switching bit of the corresponding interrupt control regis- 
ter to ‘falling edge’ (“0”). 
Figure 2.7.10 shows the Interrupt control reserved register, Figure 2.7.11 shows the Interrupt request 
cause select register. 


Interrupt control reserved register i 


b7 b6 bS5 b4 b3 b2 bi b0 


REIT 0103) 045, Ootbne C047, 00SFi» Internat 


: 


| Reserved bits Must always be set to “0” i) 


Figure 2.7.10 Interrupt control reserved register i (i = 0 to 3) 


Interrupt request cause select register 


b7 b6 bS5 b4 b3 b2 b1 bd 


we ae 


; IFSRO INTO interrupt polarity 0 : One edge 
switching bit 1: Two edges 

IFSR1 INT1 interrupt polarity 0 : One edge 
switching bit 1 : Two edges 


Reserved bits Must always be set to “0” 


Figure 2.7.11 Interrupt request cause select register 
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2.7.18 Address Match Interrupt 


An address match interrupt is generated when the address match interrupt address register contents 
match the program counter value. Two address match interrupts can be set, each of which can be 
enabled and disabled by an address match interrupt enable bit. Address match interrupts are not af- 
fected by the interrupt enable flag (| flag) and processor interrupt priority level (IPL). The value of the 
program counter (PC) for an address match interrupt varies depending on the instruction being executed. 
Figures 2.7.12 and 2.7.13 show the address match interrupt-related registers. 


Address match interrupt enable register 


b7 b6 bS b4 b3 b2 bi b0 Symbol Address When reset 


AIER 000916 XXXXXX002 


AIERO Address match interrupt 0 0 : Interrupt disabled 
enable bit | 1 : Interrupt enabled 
AIER1__ |Address match interrupt 1 | 0: Interrupt disabled 
enable bit | 1 : Interrupt enabled 


Nothing is assigned. 
In an attempt to write to these bits, write “O”. The value, if read, turns out to 
be indeterminated. 


Figure 2.7.12 Address match interrupt enable register 


Address match interrupt register i (i = 0, 1) 


(b19) (b16)(b15) (b8) Symbol Address When reset 
BOD? 50 RMADO 001216 to 001016 X0000016 
RMAD1 001616 to 001416 X0000016 


| Values that can be set |R |W 
bane Address setting register for address match interrupt 0000016 to FFFFF 16 


Nothing is assigned. 
In an attempt to write to these bits, write “O”. The value, if read, turns out to 
be indeterminated. 


Figure 2.7.13 Address match interrupt register i (i = 0, 1) 
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2.7.19 Precautions for Interrupts 
(1) Reading address 0000016 

¢ When maskable interrupt is occurred, CPU read the interrupt information (the interrupt number and 
interrupt request level) in the interrupt sequence. 
The interrupt request bit of the certain interrupt written in address 0000016 will then be set to “0”. 
Reading address 0000016 by software sets enabled highest priority interrupt source request bit to “O”. 
Though the interrupt is generated, the interrupt routine may not be executed. 
Do not read address 0000016 by software. 


(2) Setting the stack pointer 
¢ The value of the stack pointer immediately after reset is initialized to 000016. Accepting an interrupt 
before setting a value in the stack pointer may become a factor of runaway. Be sure to set a value in 
the stack pointer before accepting an interrupt. 


(3) External interrupt 
+ Either an “L” level or an “H” level of at least 250 ns width is necessary for the signal input to pins INTo 
and INT1 regardless of the CPU operation clock. 
*When the polarity of the INTo and INT1 pins is changed, the interrupt request bit is sometimes set to 
“1”. After changing the polarity, set the interrupt request bit to “O”. Figure 2.7.14 shows the procedure 
for changing the INT interrupt generate factor. 
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Clear the interrupt enable flag to “O” 
(Disable interrupt) 


Set the interrupt priority level to level 0 
(Disable INTi interrupt) 


Set the polarity select bit 


Clear the interrupt request bit to “O” 


Set the interrupt priority level to level 1 to 7 
(Enable the accepting of INTi interrupt request) 


Set the interrupt enable flag to “1” 
(Enable interrupt) 


Figure 2.7.14 Switching condition of INT interrupt request 


(4) Rewrite interrupt control register 
¢ To rewrite the interrupt control register, do so at a point that does not generate the interrupt request 
for that register. If there is possibility of the interrupt request occur, rewrite the interrupt control regis- 
ter after the interrupt is disabled. The program examples are described as follow: 


Example 1: 
INT_SWITCH1: 
FCLR | 
AND.B_ #00h, 0055h 
NOP 
NOP 
FSET | 


; Disable interrupts. 
; Clear TAOIC int. priority level and int. request bit. 


; Enable interrupts. 


Example 2: 
INT_SWITCH2: 


FCLR | 

AND.B  #00h, 0055h 
MOV.W MEM, RO 
FSET | 


Example 3: 
INT_SWITCH3: 


PUSHC FLG 

FCLR- | 

AND.B  #00h, 0055h 
POPC FLG 


; Disable interrupts. 

; Clear TAOIC int. priority level and int. request bit. 
; Dummy read. 

; Enable interrupts. 


; Push Flag register onto stack 

; Disable interrupts. 

; Clear TAOIC int. priority level and int. request bit. 
; Enable interrupts. 


The reason why two NOP instructions or dummy read are inserted before FSET | in Examples 1 and 2 is 


to prevent the interrupt enable flag | from being set before the interrupt control register is rewritten due to 
effects of the instruction queue. 


¢ When a instruction to rewrite the interrupt control register is executed but the interrupt is disabled, the 
interrupt request bit is not set sometimes even if the interrupt request for that register has been 
generated. This will depend on the instruction. If this creates problems, use the below instructions to 


change the register. 
Instructions : AND, OR, BCLR, BSET 


Rev. 1.0 


¢ MITSUBISHI ae 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M306V5ME-XXXSP 
M306V5EESP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER 
and ON-SCREEN DISPLAY CONTROLLER 


2.8 Watchdog Timer 
The watchdog timer has the function of detecting when the program is out of control. The watchdog timer is 
a 15-bit counter which down-counts the clock derived by dividing the BCLK using the prescaler. A watchdog 
timer interrupt is generated when an underflow occurs in the watchdog timer. Bit 7 of the watchdog timer 
control register (address OOOF 16) selects the prescaler division ratio (oy 16 or by 128). Thus the watchdog 
timer’s period can be calculated as given below. The watchdog timer’s period is, however, subject to an 
error due to the pre-scaler. 


pre-scaler dividing ratio (16 or 128) X watchdog timer count (82768) 


Watchdog timer period = 
g P BCLK 


For example suppose that BCLK runs at 10 MHz and that 16 has been chosen for the dividing ratio of the 
pre-scaler, then the watchdog timer’s period becomes approximately 52.4 ms. 


The watchdog timer is initialized by writing to the watchdog timer start register (address 000E16) and when 
a watchdog timer interrupt request is generated. The prescaler is initialized only when the microcomputer is 
reset. After a reset is cancelled, the watchdog timer and prescaler are both stopped. The count is started by 
writing to the watchdog timer start register (address OO0E16). 

Figure 2.8.1 shows the block diagram of the watchdog timer. Figure 2.8.2 shows the watchdog timer control 
register and Figure 2.8.3 shows the watchdog timer start register. 
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Prescaler 


Watchdog timer |-—e——» Watchdog timer 
interrupt request 


Write to the watchdog timer 
start register 
(address 000E 16) = 8 


RESET ° 


Figure 2.8.1 Block diagram of watchdog timer 


Watchdog timer control register 
b7 b6 b5 b4 b3 b2 bi bd 


| [ojo] | | | [| Pe pate When reset 


[Biante 


High-order bit of watchdog timer ox 
Must always be set to “0” joo 


0 : Divided by 16 
1: Divided by 128 


Figure 2.8.2 Watchdog timer control register 


Watchdog timer start register 


b7 bo Symbol Address When reset 


| WDTS OOOE16 Indeterminate 


Function 


The watchdog timer is initialized and starts counting after a write instruction to 
this register. The watchdog timer value is always initialized to “7FFF 16” 
regardless of whatever value is written. 


Figure 2.8.3 Watchdog timer start register 
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2.9 DMAC 


58 


This microcomputer has two DMAC (direct memory access controller) channels that allow data to be sent to 
memory without using the CPU. DMAC shares the same data bus with the CPU. The DMAC is given a 
higher right of using the bus than the CPU, which leads to working the cycle stealing method. On this 
account, the operation from the occurrence of DMA transfer request signal to the completion of 1-word (16- 
bit) or 1-byte (8-bit) data transfer can be performed at high speed. Figure 2.9.1 shows the block diagram of 
the DMAC. Table 2.9.1 shows the DMAC specifications. Figures 2.9.2 to 2.9.7 show the registers used by 
the DMAC. 


Address bus 


DMAO source pointer SARO(20) 
(addresses 0022 16 to 002016) 


\) (addresses 0036 16 to 003416) 


DMA1 transfer counter reload register TCR1 (16) [> [pmat forward address pointer (20) (Note) 
1 (addresses 0039 16, 003816) 
DMA1 transfer counter TCR1 (16) Reo DMA latch high-order bits | DMA latch low-order bits 


\/ (addresses 0029 16, 002816) ei (addresses 003216 to 003016) 
DMAO transfer counter TCRO (16) [> DMA1 destination pointer DAR1 (20) > 


Data bus low-order bits 


Data bus high-order bits 


Note: Pointer is incremented by a DMA request. 


Figure 2.9.1 Block diagram of DMAC 


Either a write signal to the software DMA request bit or an interrupt request signal is used as a DMA transfer 
request signal. But the DMA transfer is affected neither by the interrupt enable flag (I flag) nor by the 
interrupt priority level. The DMA transfer doesn't affect any interrupts either. 

If the DMAC is active (the DMA enable bit is set to 1), data transfer starts every time a DMA transfer request 
signal occurs. If the cycle of the occurrences of DMA transfer request signals is higher than the DMA 
transfer cycle, there can be instances in which the number of transfer requests doesn't agree with the 
number of transfers. For details, see the description of the DMA request bit. 
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Table 2.9.1 DMAC specifications 


Item Specification 
No. of channels 2 (cycle steal method) 
Transfer memory space * From any address in the 1M bytes space to a fixed address 


« From a fixed address to any address in the 1M bytes space 
« From a fixed address to a fixed address 

(Note that DMA-related registers [002016 to 003F 16] cannot be accessed) 
Maximum No. of bytes transferred | 128K bytes (with 16-bit transfers) or 64K bytes (with 8-bit transfers) 


DMA request factors (Note) Falling edge or both edge of pin INTo 

Falling edge of pin INT1 

Timer AO to timer A4 interrupt requests 

Timer BO to timer B2 interrupt requests 

UARTO transmission and reception interrupt requests 
UART2 transmission and reception interrupt requests 
Multi-master I2C-BUS interface 0 interrupt request 
Multi-master I?C-BUS interface 1 interrupt request 
A-D conversion interrupt request 

OSD1 and OSD2 interrupt requests 

Data slicer interrupt request 

Vsync interrupt request 

Software triggers 


Channel priority DMAO takes precedence if DMA0O and DMA1 requests are generated simultaneously 

Transfer unit 8 bits or 16 bits 

Transfer address direction forward/fixed (forward direction cannot be specified for both source and 
destination simultaneously) 

Transfer mode * Single transfer mode 


After the transfer counter underflows, the DMA enable bit turns to “0”, and the 
DMAC turns inactive 

* Repeat transfer mode 
After the transfer counter underflows, the value of the transfer counter reload 
register is reloaded to the transfer counter. 
The DMAC remains active unless a “0” is written to the DMA enable bit. 

DMA interrupt request generation timing} When an underflow occurs in the transfer counter 


Active When the DMA enable bit is set to “1”, the DMAC is active. 

When the DMAC is active, data transfer starts every time a DMA transfer request signal occurs. 
Inactive « When the DMA enable bit is set to “0”, the DMAC is inactive. 

¢ After the transfer counter underflows in single transfer mode 
Forward address pointer and At the time of starting data transfer immediately after turning the DMAC active, 


reload timing for transfer counter the value of one of source pointer and destination pointer - the one specified for 
the forward direction - is reloaded to the forward direction address pointer, and 
the value of the transfer counter reload register is reloaded to the transfer counter. 


Writing to register Registers specified for forward direction transfer are always write enabled. 
Registers specified for fixed address transfer are write-enabled when the DMA enable bit is “0”. 
Reading the register Can be read at any time. 


However, when the DMA enable bit is “1”, reading the register set up as the 
forward register is the same as reading the value of the forward address pointer. 


Note: DMA transfer is not effective to any interrupt. DMA transfer is affected neither by the interrupt enable 
flag (I flag) nor by the interrupt priority level. 
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DMAO request cause select register 


b7 b6 b5 b4 b3 b2 bt b0 Symbol Address When reset 


LL bY vA DMOSL 03B816 0016 


' b3 b2 bt b0 = 
: DSELO BME tequest ictal 0000: Falling edge of INTo pin 
' select bit 0001 : Software trigger 
0 : Timer AO 
' : Timer A1 
: : Timer A2 
: Timer A3 
Boer : Timer A4 (DMS = 0) 
/two edges of INTo pin (DMS=1) 
: Timer BO (DMS = 0) 
/OSD1 (DMS=1) 


: UARTO transmit 
: UARTO receive 
: UART2 transmit 
: UART2 receive 
: A-D conversion 
: Data slicer 


Nothing is assigned. 
In an attempt to write to these bits, write “0.” 
The value, if read, turns out to be “0.” 


DMA request cause 7 Normal 
expansion bit : Expanded cause 


Software DMA If software trigger is selected, a 

request bit DMA request is generated by 
setting this bit to “1” (When read, 
the value of this bit is always “0”) 


: Timer B1 (DMS = 0) 
/OSD2 (DMS=1) 

: Timer B2 (DMS = 0) 
/Multi-master |2C-BUS interface 0 
(DMS=1) 


Figure 2.9.2 DMAO request cause select register 
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DMA1 request cause select register 


b7 b6 b5 b4 b3 b2 bt bO Symbol Address When reset 
DM1SL 03BA16 0016 


Bit symbol Bit name Function 


DMA request cause babe bi:b0 Pea 
select bit 0000: Falling edge of INT1 pin 
0001 : Software trigger 
: Timer AO 
: Timer A1 
: Timer A2 
: Timer A3 (DMS = 0) 
/OSD1 (DMS = 1) 
: Timer A4 (DMS = 0) 
/OSD2 (DMS = 1) 
: Timer BO 
/Multi-master |2C-BUS interface 1 
(DMS = 1) 
: Timer B1 
: Timer B2 
: UARTO transmit 
: UARTO receive 
: UART2 transmit 
: UART2 receive 
: A-D conversion 
: VSYNC 


244320000 
4420O=-=00 
eS Ss oo eS 


Nothing is assigned. 
In an attempt to write to these bits, write “0.” 
The value, if read, turns out to be “0.” 


DMA request 0 : Normal 
cause expansion bit 1: Expanded cause 


Software DMA If software trigger is selected, a 

request bit DMA request is generated by 
setting this bit to “1” (When read, 
the value of this bit is always “O”) 


Figure 2.9.3 DMA1 request cause select register 


DMAi control register 


b7 b6 bS b4 b3 b2 bi b0 Symbol Address When reset 
DMiCON(i=0,1) 002C16, 003C16 000007002 


i DMBIT Transfer unit bit select bit | 0 : 16 bits 
1:8 bits 
Repeat transfer mode : : Single transfer 
BASE select bit : Repeat transfer 
DMA request bit (Note 1) | 0 : DMA not requested O| ‘4 
Bs q 1: DMA requested ; 


DMA enable bit 0 : Disabled 
BMAE 1 : Enabled 


Source address direction | : Fixed 
select bit (Note 3) 1 : Forward 
Destination address 0 : Fixed 
direction select bit (Note 3) | 1: Forward 


Nothing is assigned. 
In an attempt to write to these bits, write “O”. The value, if read, turns out to be “0.” 


Notes 1:DMA request can be cleared by resetting the bit. 
2:This bit can only be set to “0.” 
3:Source address direction select bit and destination address direction select bit 
cannot be set to “1” simultaneously. 


Figure 2.9.4 DMAi control register (i = 0, 1) 
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DMAi source pointer (i = 0, 1) 


(223) (b19) (b16)(b15) 
b3 bO_b7 bo. Symbol Address When reset 


SAR1 003216 to 003016 Indeterminate 


Transfer count 
Function specification 


* Source pointer 0000016 to FFFFF 16 
Stores the source address 


Nothing is assigned. 
In an attempt to write to these bits, write “O”. The value, if read, turns out to be “0.” 


Figure 2.9.5 DMAi source pointer (i = 0, 1) 


DMAi destination pointer (i = 0, 1) 


(b23) (b19) (b16)(b15) (b8) 
BS bob LURE 50 Symbol Address When reset 


b7 
WAAIVAI : 
DARO 002616 10 002416 Indeterminate 


Indeterminate 


; Transfer count 
Function specification 


¢ Destination pointer 0000016 to FFFFFi6 
Stores the destination address 


Nothing is assigned. 
In an attempt to write to these bits, write “O”. The value, if read, turns out to be “0.” 


Figure 2.9.6 DMAi destination pointer (i = 0, 1) 


DMAi transfer counter (i = 0, 1) 


(b15) (b8) 
b7 b0_b7 


Address When reset 
002916, 002816 Indeterminate 
003916, 003816 Indeterminate 


7 Transfer count ' 
* Transfer counter 
16 to FFFF16 
Set a value one less than the transfer count eae 00 


Figure 2.9.7 DMAi transfer counter (i = 0, 1) 
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2.9.1 Transfer Cycle 
The transfer cycle consists of the bus cycle in which data is read from memory or from the SFR area 
(source read) and the bus cycle in which the data is written to memory or to the SFR area (destination 
write). The number of read and write bus cycles depends on the source and destination addresses. Also, 
the bus cycle itself is longer when software waits are inserted. 


(1) Effect of source and destination addresses 
When 16-bit data is transferred on a 16-bit data bus, and the source and destination both start at odd 
addresses, there are one more source read cycle and destination write cycle than when the source 
and destination both start at even addresses. 


(2) Effect of software wait 
When the SFR area or a memory area with a software wait is accessed, the number of cycles is 
increased for the wait by 1 bus cycle. The length of the cycle is determined by BCLK. 


Figure 2.9.8 shows the example of the transfer cycles for a source read. For convenience, the destination 
write cycle is shown as one cycle and the source read cycles for the different conditions are shown. In 
reality, the destination write cycle is subject to the same conditions as the source read cycle, with the 
transfer cycle changing accordingly. When calculating the transfer cycle, remember to apply the respec- 
tive conditions to both the destination write cycle and the source read cycle. 
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(1)16-bit transfers from even address and the source address is even. 


BCLK 


Address 
bus 


RD signal 


WR signal 


Data 
bus 


Destination 


Dummy 


Destination cycle 


Source 


(2) 16-bit transfers and the source address is odd 


BCLK 


Address 
bus 


RD signal 


WR signal 


Data 
bus 


CPU use 


Yeeurce + *)estnaton){ bs a 


CPU use 


x Source Neue + *NPestnatin)( 


(3) One wait is inserted into the source read under the conditions in (1) 


BCLK 


Address 
bus 


RD signal 


WR signal 


Data 
bus 


BCLK 


Address 
bus 


RD signal 


WR signal 


Data 
bus 


CPU use 


Source 


CPU use 


CPU use 


X 


Source 


Figure 2.9.8 Example of the transfer cycles for a source read 


ee Dummy 
X Source + 1 Neesinaion} cycle x CPU use 


Note: The same timing changes occur with the respective conditions at the destination as at the source. 
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2.9.2 DMAC Transfer Cycles 


Any combination of even or odd transfer read and write addresses is possible. Table 2.9.2 shows the 
number of DMAC transfer cycles. 
The number of DMAC transfer cycles can be calculated as follows: 


No. of transfer cycles per transfer unit = No. of read cycles X j + No. of write cycles X k 


Table 2.9.2 No. of DMAC transfer cycles 


ingle-chip mode 

Transfer unit Bus width Access address No. of read cycles No. of write cycles 
8-bit transfers 16-bit Even 
(DMBIT= “1”) Odd 
16-bit transfers 16-bit Even 
(DMBIT= “O”) Odd 


Coefficient j, k 
Internal ROM/RAM Internal ROM/RAM SFR area 
/OSD RAM 


No wait With wait No wait 
1 2 2 
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2.9.3 DMA Enable Bit 


Setting the DMA enable bit to 1 makes the DMAC active. The DMAC carries out the following operations 

at the time data transfer starts immediately after DMAC is turned active. 

(1) Reloads the value of one of the source pointer and the destination pointer - the one specified for the 
forward direction - to the forward direction address pointer. 

(2) Reloads the value of the transfer counter reload register to the transfer counter. 
Thus overwriting 1 to the DMA enable bit with the DMAC being active carries out the operations given 
above, so the DMAC operates again from the initial state at the instant 1 is overwritten to the DMA 
enable bit. 


2.9.4 DMA Request Bit 


The DMAC can generate a DMA transfer request signal triggered by a factor chosen in advance out of 
DMA request factors for each channel. 

DMA request factors include the following. 

“Factors effected by using the interrupt request signals from the built-in peripheral functions and software 
DMA factors (internal factors) effected by a program. 

* External factors effected by utilizing the input from external interrupt signals. 

For the selection of DMA request factors, see the descriptions of the DMAi factor selection register. 
The DMA request bit turns to 1 if the DMA transfer request signal occurs regardless of the DMAC’s state 
(regardless of whether the DMA enable bit is set 1 or to 0). It turns to 0 immediately before data transfer 
starts. 

In addition, it can be set to 0 by use of a program, but cannot be set to 1. 

There can be instances in which a change in DMA request factor selection bit causes the DMA request bit 
to turn to 1. So be sure to set the DMA request bit to 0 after the DMA request factor selection bit is 
changed. 

The DMA request bit turns to 1 if a DMA transfer request signal occurs, and turns to 0 immediately before 
data transfer starts. If the DMAC is active, data transfer starts immediately, so the value of the DMA 
request bit, if read by use of a program, turns out to be 0 in most cases. To examine whether the DMAC 
is active, read the DMA enable bit. 

Here follows the timing of changes in the DMA request bit. 


(1) Internal factors 
Except the DMA request factors triggered by software, the timing for the DMA request bit to turn to 1 
due to an internal factor is the same as the timing for the interrupt request bit of the interrupt control 
register to turn to 1 due to several factors. 
Turning the DMA request bit to 1 due to an internal factor is timed to be effected immediately before 
the transfer starts. 


(2) External factors 
An external factor is a factor caused to occur by the leading edge of input from the INTi pin (i depends 
on which DMAC channel is used). 
Selecting the INTi pins as external factors using the DMA request factor selection bit causes input 
from these pins to become the DMA transfer request signals. 
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The timing for the DMA request bit to turn to 1 when an external factor is selected synchronizes with 
the signal’s edge applicable to the function specified by the DMA request factor selection bit (synchro- 
nizes with the trailing edge of the input signal to each INTi pin, for example). 

With an external factor selected, the DMA request bit is timed to turn to 0 immediately before data 
transfer starts similarly to the state in which an internal factor is selected. 


(3) The priorities of channels and DMA transfer timing 

If a DMA transfer request signal falls on a single sampling cycle (a sampling cycle means one period 
from the leading edge to the trailing edge of BCLK), the DMA request bits of applicable channels 
concurrently turn to 1. If the channels are active at that moment, DMAO is given a high priority to start 
data transfer. When DMAO finishes data transfer, it gives the bus right to the CPU. When the CPU 
finishes single bus access, then DMA1 starts data transfer and gives the bus right to the CPU. Figure 
2.9.9 illustrates these operations. 

An example in which DMA transfer is carried out in minimum cycles at the time when DMA transfer 
request signals due to external factors concurrently occur. 


An example in which DMA transmission is carried out in minimum 
cycles at the time when DMA transmission request signals due to 
external factors concurrently occur. 


BCLK 


DMAO 


DMA‘ = | ! ! , | Obtainm 
to i | ent of the 


4 : | | bus right 
CPU aA , 2) 


INTO 


DMAO 
request bit 


INT1 


DMA1 
request bit 


Figure 2.9.9 An example of DMA transfer effected by external factors 
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2.10 Timer 
There are eight 16-bit timers. These timers can be classified by function into timers A (five) and timers B 
(three). All these timers function independently. Figures 2.10.1 and 2.10.2 show the block diagram of 
timers. 


fi fa f32 


* Timer mode 
* One-shot mode 


O 
fo) Timer AO interrupt 
2 ge & 


« Event counter mode 


* Timer mode 
* One-shot mode 


6 i Timer A1 interrupt 
oe 


« Event counter mode 


* Timer mode 
* One-shot mode 
* PWM mode 


e) 
+3 9p 


« Event counter mode 


Timer A2 interrupt 


* Timer mode 
* One-shot mode 
* PWM mode 


Oo 
oan 


Timer A interrupt 


« Event counter mode 


* Timer mode 
* One-shot mode 


O 
[@) 
+3 7 


« Event counter mode 


Timer A4 interrupt 


Timer B2 overflow 


Figure 2.10.1 Timer A block diagram 
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pe fi 


i p {8 


Timer A 


ft fg f32 


ue mode 
Se width measuring mode 


‘i : Noise Timer BO interrupt 
filter | ss TimerBO BO 
« Event counter a a 


* Timer mode 
+ Pulse width measuring mode Timer B1 interrupt 


* Event counter mode 


* Timer mode 
* Pulse width measuring mode Timer B2 interrupt 


* Event counter mode 


Figure 2.10.2 Timer B block diagram 
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2.10.1 Timer A 


Figure 2.10.3 shows the block diagram of timer A. Figures 2.10.4 to 2.10.10 show the timer A-related 
registers. 
Except the pulse output function, timers AO through A4 all have the same function. Use the timer Ai mode 
register (i = 0 to 4) bits 0 and 1 to choose the desired mode. 
Timer A has the four operation modes listed as follows: 

¢ Timer mode: The timer counts an internal count source. 

¢ Event counter mode: The timer counts a timer over flow. 

* One-shot timer mode: The timer stops counting when the count reaches “000016”. 

« Pulse width modulation (PWM) mode: The timer outputs pulses of a given width. 


Data bus high-order bits 
Clock source 


selection Data bus low-order bits 


+ Timer 


ft * One shot Low-order High-order 
fs =N EM 8 bits 8 bits 


f32 ——O 


|__| (16) 


Dawncount TAi Addresses TAj TAk 
——_o Timer AO 038716 038616 Timer A4 Timer Al 

TBe-evertiow External [_Uprdown flag_}-o 7a 7 Timer A1 038916 038816 TimerAO Timer A2 

TAj overflow trigger [ Up/down flag_}—o own Tlag Timer A2 038Bie O38A1e TimerA1 Timer A3 


ai F - Ti A3 038D 038C Ti A2. Ti A4 
(j=i-1. Note, however, that j = 4 when i = 0) (Address 0384 16) Timer A4 O38F 16 038Eis Timer A3 Timer AO 


Clock selection Up count/down count 
Count start flag Always down count except 
in event counter mode 
(Address 038016) 


TAk overflow  ————————O 
(k =i +1. Note, however, that k = 0 when i = 4) 


Pulse output 


Toggle flip-flop 


Figure 2.10.3 Block diagram of timer A 


Timer Ai mode register 


Symbol Address When reset 


B7 BE bs bh 8 be tO TAIMR(i=0 to 4) 039616 to 039A16 —- 0016 


Bit symbol Bit name Function 
1 


7 ‘. bt bo 
TMODO Operation mode select bit | 9 g : Timer mode 
0 1 : Event counter mode 
1 0 : One-shot timer mode 
11: Pulse width modulation 
(PWM) mode 


Function varies with each operation mode 


Count source select bit 
(Function varies with each operation mode) 


Figure 2.10.4 Timer Ai mode register (i = 0 to 4) 
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Timer Ai register (Note) 
Address When reset 
(et) 19) 038716,038616 Indeterminate 
038916,038816 Indeterminate 
038B16,038A16 Indeterminate 
038D16,038C 16 Indeterminate 
038F 16,038E16 Indeterminate 


Function Values that can be set 


*--"1 « Timer mode 000016 to FFFF16 
Counts an internal count source 


* Event counter mode 000016 to FFFF16 
Counts pulses from an timer overflow 

* One-shot timer mode 000016 to FFFF16 
Counts a one shot width 


* Pulse width modulation mode (16-bit PWM) (TA2, TA3) | 000016 to FFFE16 x! ° 
Functions as a 16-bit pulse wae eee 


* Pulse width modulation mode (8-bit PWM) (TA2, TA3) 0016 to FE16 
Timer low-order address functions as an 8-bit (Both high-order 
prescaler and high-order address functions as an 8-bit and low-order 
pulse width modulator addresses) 


Note: Read and write data in 16-bit units. 


Figure 2.10.5 Timer Ai register (i = 0 to 4) 


Count start flag 


b7 b6 bS b4 b3 b2 b1 b0 Symbol Address When reset 
TABSR 038016 0016 


: 
1 : Starts counting 


TBOS Timer BO count start flag 
TB1S Timer B1 count start flag 


or 
ee) 
ie) 
o.9} 
ee) 
0.9} 
ee) 
ee) 


Figure 2.10.6 Count start flag 
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Up/down flag 


b7 b6 b5 b4 b3 b2 bt b0 Symbol ctor Meee 
POO RO WTI EM eee 7 ’ 


[atone 
TAOUD _|Timer AO up/down flag 0 : Down count 


1:U t eis 
TAI1UD — |Timer A1 up/down flag paca eke) 
TA2UD —_|Timer A2 up/down flag This specification becomes valid loo 


when the up/down flag content is 
selected for up/down switching 
cause 


Must always be set to “0” Xx'O 


Figure 2.10.7 Up/down flag 


One-shot start flag 
Symbol Address When reset 
b7_b6 bS b4 b3 b2 bi b0 ONSF 038216 00x000002 


| 3 
When read, the value is “0” 


TA30S___| Timer A3 one-shot start flag 
TA40S___| Timer A4 one-shot start flag 


Nothing is assigned. 
This bit can neither be set nor reset. When read, its content is indeterminate. 


TAOTGL | Timer AO event/trigger eee 


eae, select bit 00: Do not set 
01 : TB2 overflow is selected 
10: TA4 overflow is selected 


11: TA1 overflow is selected 


Figure 2.10.8 One-shot start flag 
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Trigger select register 


b7 b6 bS b4 b8 b2 b1 bO Symbol Address When reset 
TRGSR 038316 0016 


_| TAITGL | Timer A1 event/trigger 
select bit :Donotset — 
: TB2 overflow is selected 


_|) TAITGH : TAO overflow is selected 
: TA2 overflow is selected 


TA2TGL | Timer A2 event/trigger 
select bit : Do not set 


: TB2 overflow is selected 
TA2TGH : TA1 overflow is selected 
: TAS overflow is selected 


Ti A igger 
TA3TGL imer A3 event/trigge De.notset joo 


| : 
poeta : TB2 overflow is selected 


TA38TGH : TA2 overflow is selected 
: TA4 overflow is selected 


TA4TGL | Timer A4 event/trigger 


select bit : Do not set 


: TB2 overflow is selected 
TA4TGH : TAS overflow is selected 
: TAO overflow is selected 


Figure 2.10.9 Trigger select register 


Reserved register 6 


b7 b6 b5 b4 b3 b2 b1 b0 Symbol Add Wh t 
Lo XTX DXDXIX XX INVC6 038t. i . OXXXXXKX2 


Nothing is assigned. 
In an attempt to write to these bits, write “O.” The value, if read, turns out to be indeterminate. 


Reserved bit Must always be set to “0.” 


Figure 2.10.10 Reserved register 6 
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In this mode, the timer counts an internally generated count source. (See Table 2.10.1.) Figure 2.10.11 
shows the timer Ai mode register in timer mode. 


Table 2.10.1 Specifications of timer mode 


Item 
Count source 


Specification 
f1, fa, f32 


Count operation 


* Down count 


¢ When the timer underflows, it reloads the reload register contents before continuing counting 


Divide ratio 


1/(n+1) n: Set value 


Count start condition 


Count start flag is set (= 1) 


Count stop condition 


Count start flag is reset (= 0) 


Interrupt request generation timing 


When the timer underflows 


TA2out/TA3ouT pin function 


Programmable I/O port or pulse output 


Read from timer 


Count value can be read out by reading timer Ai register 


Write to timer 


« When counting stopped 
When a value is written to timer Ai register, it is written to both reload register and counter 
« When counting in progress 
When a value is written to timer Ai register, it is written to only reload register 
(Transferred to counter at next reload time) 


Select function 


¢ Pulse output function 
Each time the timer underflows, the TAiout pin’s polarity is reversed 


Timer Ai mode register 


b7 b6 bS5 b4 b3 b2 bi bO 


Symbol Address When reset 


0010/0 010 TAiMR(i=0 to 4) 039616 to O39A16 0016 


| [Beam Bitrame ination 


‘| TMODO Operation mode ee 
ay ae select bit 00: Timer mode 


MRO Pulse output function 0 : Pulse is not output 
select bit (TA2ouT/TA30uT pin is a normal port pin) 
(Note 2) 1 : Pulse is output (Note 1) 
TA2ouT/TA30uT pin is a pulse output pin) 


0 (Must always be set to “O” in timer mode 


b7 b6 

00:f1 

01: fs 

10: f32 
11: Do not set 


Count source select bit 


pena a ins ci supine eo 


Notes 1 : The settings of the corresponding port register and port direction register 
are invalid. 
2: This bit of TAIMR (i = 0, 1, 4) must always be set to “0.” 


Figure 2.10.11 Timer Ai mode register in timer mode (i = 0 to 4) 
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(2) Event counter mode 
In this mode, the timer counts an internal timer’s overflow. 


Table 2.10.2 Timer specifications in event counter mode 


Item Specification 


Count source * TB2 overflow, TAj overflow, TAk overflow 
Count operation ¢ Up count or down count can be selected by external signal or software 
« When the timer overflows or underflows, it reloads the reload register contents 
before continuing counting (Note) 
Divide ratio 1/ (FFFFi6 - n+ 1) for up count 
1/ (n + 1) for down count n: Set value 
Count start condition Count start flag is set (= 1) 
Count stop condition Count start flag is reset (= 0) 
Interrupt request generation timing} The timer overflows or underflows 
TA20UT/TA3OUT pin function Programmable I/O port, pulse output, or up/down count select input 
Read from timer Count value can be read out by reading timer Ai register 
Write to timer « When counting stopped 
When a value is written to timer Ai register, it is written to both reload register and counter 
« When counting in progress 
When a value is written to timer Ai register, it is written to only reload register 
(Transferred to counter at next reload time) 
Select function ¢ Free-run count function 
Even when the timer overflows or underflows, the reload register content is not reloaded to it 
¢ Pulse output function 
Each time the timer overflows or underflows, the TAiOUT pin’s polarity is reversed 
Note: This does not apply when the free-run function is selected. 
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Timer Ai mode register 


Symbol Address When reset 
SacI A aaa TAIMR(i = 0 to 4) 039616 to 039A16 
0016 


Bit symbol Bit name Function 


'-{ TMODO | Operation mode select bit | °° 
TMOD1 : Event counter mode (Note 1) 


Pulse output function 0 : Pulse is not output 
select bit (TA2ouT/TAS3OUT pin is a normal port pin) 
1: Pulse is output (Note 2) 
(TA20uT/TA30UT pin is a pulse output pin) 


Reserved bit Must always be set to “0” joo 


Up/down switching 0 : Up/down flag’s content 
cause select bit 1 : TA20uT/TA3OUT pin’s input signal 
(Notes 3, 4) 


| urs jo: (Must always be set to “O” in event counter mode) loo 
TCKO pees operation type select - Reload type 
: Free-run type 


Reserved bit Must always be set to “0” Ba 


Notes 1: In event counter mode, the count source is selected by the event / trigger 

select bit (addresses 038216 and 038316). 

2: The settings of the corresponding port register and port direction register 
are invalid. 

3: This bit of TAiIMR (i = 0, 1, 4) must always be set to “0.” 

4: When an “L” signal is input to the input signal from TA20UT/TA3OUT pin, 
the downcount is activated. When “H,” the upcount is activated. Set the 
corresponding port direction register to “0.” 


Figure 2.10.12 Timer Ai mode register in event counter mode (i = 0 to 4) 
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(3) One-shot timer mode 
In this mode, the timer operates only once. (See Table 2.10.3.) When a trigger occurs, the timer starts up 
and continues operating for a given period. Figure 2.10.13 shows the timer Ai mode register in one-shot 
timer mode. 


Table 2.10.3 Timer specifications in one-shot timer mode 


Item Specification 
Count source f1, fs, fa2 
Count operation « The timer counts down 


« When the count reaches 000016, the timer stops counting after reloading a new count 
« Ifa trigger occurs when counting, the timer reloads a new count and restarts counting 


Divide ratio 1/n n: Set value 


Count start condition * The timer overflows 
* The one-shot start flag is set (= 1) 


Count stop condition « Anew count is reloaded after the count has reached 000016 
* The count start flag is reset (= 0) 


Interrupt request generation timing) The count reaches 000016 


TA20uT/TA30UT pin function} Programmable I/O port or pulse output 


Read from timer When timer Ai register is read, it indicates an indeterminate value 


Write to timer « When counting stopped 
When a value is written to timer Ai register, it is written to both reload register and 
counter 

« When counting in progress 
When a value is written to timer Ai register, it is written to only reload register 


(Transferred to counter at next reload time) 


Timer Ai mode register 


pT bo =* Bb. Nba BS bes sbi tbd Symbol Address When reset 
0 1/0 TAiMR(i=0to 4) 039616 to 039A16 0016 


| [rata 


7 TMODO __| Operation mode select bit |°"” 
TMOD1 1 0 : One-shot timer mode 


MRO Pulse output function 0 : Pulse is not output 
select bit (TA2o0uT/TA3OuT pin is a normal port pin) 
(Note 2) 1: Pulse is output (Note 1) 
(TA2ouT/TAS3OUT pin is a pulse output pin) 


Reserved bits Must always be set to “O” 


Trigger select bit 0 : Count start flag is valid 
1 : Selected by event/trigger select register 
a (Must always be “0” in one-shot timer mode) 


11: Do not set 


Notes 1 : The settings of the corresponding port register and port direction register 
are invalid. 
2: This bit of TAiMR (i = 0, 1, 4) must always be set to “0.” 


Figure 2.10.13 Timer Ai mode register in one-shot timer mode (i = 0 to 4) 
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(4) Pulse width modulation (PWM) mode 


In this mode, the timer outputs pulses of a given width in succession. (See Table 2.10.4.) In this mode, the 
counter functions as either a 16-bit pulse width modulator or an 8-bit pulse width modulator. Figure 2.10.14 
shows the timer Ai mode register in pulse width modulation mode. Figure 2.10.15 shows the example of how 
an 8-bit pulse width modulator operates. 


Table 2.10.4 Timer specifications in pulse width modulation mode 
Item Specification 
Count source fi, fg, f32 
Count operation « The timer counts down (operating as an 8-bit or a 16-bit pulse width modulator) 
« The timer reloads a new count at a rising edge of PWM pulse and continues counting 
* The timer is not affected by a trigger that occurs when counting 
16-bit PWM ¢ High level widthn/fi n: Set value 
* Cycle time (216-1) / fi fixed 
8-bit PWM * High level width n X (m+1) / fi n: values set to timer Ai register’s high-order address 
* Cycle time (28-1) x (m+1)/ fi m-:values set to timer Ai register’s low-order address 
Count start condition * The timer overflows 
« The count start flag is set (= 1) 
Count stop condition « The count start flag is reset (= 0) 
Interrupt request generation timing} PWM pulse goes “L” 
TA20uT/TASOUT pin function] Pulse output 
Read from timer When timer Ai register is read, it indicates an indeterminate value 
Write to timer « When counting stopped 
When a value is written to timer Ai register, it is written to both reload register and 
counter 
« When counting in progress 
When a value is written to timer Ai register, it is written to only reload register 
(Transferred to counter at next reload time) 


Timer Ai mode register 


b7 b6 bS b4 b3 b2 bi _ b0 


PTT] dolt|1]1] — tairtez anda) osg8ieand 039916 “00'e 


Bit symbol Bit name Function 


TMODO __ {Operation mode bi bo 
select bit 11: PWM mode 


Reserved bits Must always be set to “O” 


0: Count start flag is valid 


M2 Trigger select bit 1: Selected by event/trigger select register 


16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator 
select bit 1: Functions as an 8-bit pulse width modulator 


Count source select bit 


: Do not set 


Figure 2.10.14 Timer Ai mode register in pulse width modulation mode (i = 2 and 3) 
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Condition : Reload register high-order 8 bits = 0216 
Reload register low-order 8 bits = 0216 
Timer overflow is selected 


1/fi X (m+1) X (2°-1) 
ie 


Timer overflow 


> Dee a 


Underflow signal of 
8-bit prescaler (Note2) «: 


1/fiX(m+1)Xn 
> s+ 
PWM pulse output 
from TAiouT pin 


Timer Ai interrupt 
request bit 


fi: Frequency of count source 


(f1, fa, f32, fc32) Cleared to “0” when interrupt request is accepted, or cleared by software 


Notes 1: The 8-bit prescaler counts the count source. 
2: The 8-bit pulse width modulator counts the 8-bit prescaler's underflow signal. 
3: m = 0016 to FE16; n = 0016 to FE16. 


Figure 2.10.15 Example of how an 8-bit pulse width modulator operates 
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2.10.2 Timer B 
Figure 2.10.17 shows the block diagram of timer B. Figures 2.10.17 and 2.10.20 show the timer B-related 
registers. 
Use the timer Bi mode register (i = 0 to 2) bits 0 and 1 to choose the desired mode. 


Timer B has three operation modes listed as follows: 
¢ Timer mode: The timer counts an internal count source. 
« Event counter mode: The timer counts pulses from an external source or a timer overflow. 
« Pulse period/pulse width measuring mode: The timer measures an external signal’s pulse period or 
pulse width. 


Data bus high-order wd 


. Data bus low-order iB 4 
Clock source selection 
If Low-order 8 bits TT High-order 8 bits 
f —Oo Ti 


Timer 
fg 0 \ + Pulse period/pulse width measurement Reload register (16) 


f32 —-o 


« Event counter 


Polarity switching 
and edge pulse (address 038016) 


Counter reset circuit 


Can be selected in only 
event counter mode 
TBi Address TBj 
TBj overflow ———o Timer BO 039116 039016 Timer B2 
(j=i-1. Timer B1 039316 039216 Timer BO 
Note, however, Timer B2 039516 039416 Timer B1 
j = 2 wheni=0) 


Figure 2.10.16 Block diagram of timer B 


Timer Bi mode register 


Symbol Address When reset 
pene Diao Ue Se TBIMR(i = 0 to 2) 039Bieto039D16 00?X00002 


| [Bisymba 


.| TMODO Operation mode select bit Timer mode: 


: Event counter mode 
TMOD1 : Pulse period/pulse width 
measurement mode 
: Inhibited 


Function varies with each operation mode 


TCKO Count source select bit 
TCK1 (Function varies with each operation mode) 


Notes 1: Timer BO. 
2: Timer B1, timer B2. 


Figure 2.10.17 Timer Bi mode register (i = 0 to 2) 
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Timer Bi register (Note) Address When reset 
039116, 039016 Indeterminate 


(b15) (b8) 039316, 039216 Indeterminate 
te po'bs. 039516, 039416 Indeterminate 


Funaton 


“| + Timer mode 000016 to FFFF16 
Counts the timer's period 


* Event counter mode 000016 to FFFF16 
Counts external pulses input or a timer overflow 


* Pulse period / pulse width measurement mode | 
Measures a pulse period or width O'1x 


Note: Read and write data in 16-bit units. 


Figure 2.10.18 Timer Bi register (i = 0 to 2) 


Count start flag 


b7 b6 bS b4 b3 b2 bt bO Symbol Address When reset 
TABSR 038016 0016 


| RW 
0: Sop unig oo 
1: Starts counting 0:0] 
oo 
oo 
oo 
oo 
oo 
eo 


Figure 2.10.19 Count start flag 


Reserved register 6 


Bile Boe Boe Dison Dee spit. Symbol Address When reset 
0 PXIXDXIXDX XIX | INVC6 038116 OXXXXXXX2 


Nothing is assigned. 
In an attempt to write to these bits, write “O.” The value, if read, turns out to be indeterminate. 


Reserved bit Must always be set to “0.” 


Figure 2.10.20 Reserved register 
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(1) Timer mode 
In this mode, the timer counts an internally generated count source. (See Table 2.10.5) Figure 2.10.21 
shows the timer Bi mode register in timer mode. 


Table 2.10.5 Timer specifications in timer mode 


Item Specification 


Count source f1, fg, £32 


Count operation * Counts down 
« When the timer underflows, it reloads the reload register contents before continuing 
counting 


Divide ratio 1/(n+1) n: Set value 


Count start condition Count start flag is set (= 1) 


Count stop condition Count start flag is reset (= 0) 


Interrupt request generation timing] The timer underflows 


TBOIN pin function Programmable |/O port 


Read from timer Count value is read out by reading timer Bi register 


Write to timer « When counting stopped 

When a value is written to timer Bi register, it is written to both reload register and counter 
« When counting in progress 

When a value is written to timer Bi register, it is written to only reload register 


(Transferred to counter at next reload time) 


Timer Bi mode register 
b7 b6 bS5 b4 b3 b2 bi b0 Symbol Address When reset 


etc Ved (Ole TBIMR(i=0 to 2) 039B16 to039D16 ~—:00?X00002 


| [_Bitsymbol 


.| TMODO te es 
| TMODO | Operation mode select bit 00: Timer mode POO: 
TMOD1 po} 0] 


Invalid in timer mode 


MR2 0 (Fixed to “0” in timer mode ; i = 0) 


Nothing is assigned (i = 1, 2). 

In an attempt to write to this bit, write “0.” The value, if read, turns out to 
be indeterminate. 

Invalid in timer mode. 

In an attempt to write to this bit, write “O.” The value, if read in 
timer mode, turns out to be indeterminate. 


ct b7 b6 
Lee | Count source select bit 00°" 
01: fs 


10: f32 
11: Do not set 
Notes 1: Timer BO. 
2: Timer B1, timer B2. 


Figure 2.10.21 Timer Bi mode register in timer mode (i = 0 to 2) 
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(2) Event counter mode 
In this mode, the timer counts an external signal or an internal timer’s overflow. (See Table 2.10.6) Figure 


2.10.22 shows the timer Bi mode register in event counter mode. 


Table 2.10.6 Timer specifications in event counter mode 


Item Specification 


Count source 


¢ External signals input to TBOIN pin 
¢ Effective edge of count source can be a rising edge, a falling edge, or falling and 
rising edges as selected by software 


Count operation 


* Counts down 
« When the timer underflows, it reloads the reload register contents before continuing 
counting 


Divide ratio 


1/(n+1) n: Set value 


Count start condition 


Count start flag is set (= 1) 


Count stop condition 


Count start flag is reset (= 0) 


Interrupt request generation timing 


The timer underflows 


TBOIN pin function 


Count source input 


Read from timer 


Count value can be read out by reading timer Bi register 


Write to timer 


« When counting stopped 
When a value is written to timer Bi register, it is written to both reload register and counter 
« When counting in progress 
When a value is written to timer Bi register, it is written to only reload register 
(Transferred to counter at next reload time) 


Timer Bi mode register 


b7 b6 b5 b4 b3 b2 bi b0 


Symbol Address When reset 


0 | 1 | TBiMR(i=0 to 2) 039B16 to039D16 00?X00002 


Bit symbol Bit name Function 


TMODO 


TMOD1 


bt bo 


Operation mode select bit 

01: Event counter mode 

b3 b2 

0 0: Counts external signal's falling 
edges 

0 1 : Counts external signal's rising 
edges 

1 0: Counts external signal's falling 
and rising edges 

11: Inhibited 


Count polarity select 
bit (Note 1) 


0 (Fixed to “O” in event counter mode; i = 0) 


Nothing is assigned (i = 1, 2). 

In an attempt to write to this bit, write “0.” The value, if read, turns out to 
be indeterminate. 

nvalid in timer mode. 

In an attempt to write to this bit, write “O.” The value, if read in 
event counter mode, turns out to be indeterminate. 


Invalid in event counter mode. 
Can be “O” or “1”. 


0 : Input from TBOIN pin (Note 4) 
1 : TB overflow 
(j =i— 1; however, j = 2 when i = 0) 


Event clock select 


Notes 1: Valid only when input from the TBOIN pin is selected as the event clock. 
If timer's overflow is selected, this bit can be “O” or “1”. 
2: Timer BO. 
3: Timer B1, timer B2. 
4: Set the corresponding port direction register to “0”. 


Figure 2.10.22 Timer Bi mode register in event counter mode (i = 0 to 2) 
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(3) Pulse period/pulse width measurement mode 
In this mode, the timer measures the pulse period or pulse width of an external signal. (See Table 2.10.7) 
Figure 2.10.23 shows the timer BO mode register in pulse period/pulse width measurement mode. Figure 
2.10.24 shows the operation timing when measuring a pulse period. Figure 2.10.25 shows the operation 
timing when measuring a pulse width. 


Table 2.10.7 Timer specifications in pulse period/pulse width measurement mode 


Item Specification 


Count source f1, f8, £32 


Count operation « Up count 
* Counter value “000016” is transferred to reload register at measurement pulse's 
effective edge and the timer continues counting 


Count start condition Count start flag is set (= 1) 


Count stop condition Count start flag is reset (= 0) 


Interrupt request generation timing | * When measurement pulse's effective edge is input (Note 1) 


¢ When an overflow occurs. (Simultaneously, the timer Bi overflow flag changes to “1”. 
The timer BO overflow flag changes to “O” when the count start flag is “1” and a value 
is written to the timer BO mode register.) 


TBOIN pin function Measurement pulse input 


Read from timer When timer BO register is read, it indicates the reload registers content 
(measurement result) (Note 2) 


Write to timer Cannot be written to 


Notes 1: An interrupt request is not generated when the first effective edge is input after the timer has started counting. 
2: The value read out from the timer BO register is indeterminate until the second effective edge is input after the timer. 


Timer BO mode register 


b7 b6 bS b4 b3 b2 bi bO Symbol Address When reset 
TBOMR 039B16 00?X00002 


Bit symbol Bit name Function 


TMODO | Operation mode 
select bit 


: Pulse period / pulse width 
measurement mode 


Measurement mode : 
select bit 00: Pulse period measurement (Interval between 


measurement pulse's falling edge to falling edge) 
0 1 : Pulse period measurement (Interval between 
measurement pulse's rising edge to rising edge) 
10: Pulse width measurement (Interval between 
measurement pulse's falling edge to rising edge, 
and between rising edge to falling edge) 


11: Inhibited 


0: Fixed to “0” in pulse period/pulse width measurement mode 


Timer Bi overflow 0: Timer did not overflow 
flag ( Note 1) 1: Timer has overflowed 
Count source 60 ft 

select bit 01:f8 

10: f32 

11: Do not set 


Note: The timer BO overflow flag changes to “0” when the count start flag is “1” and a value is written to the 
timer BO mode register. This flag cannot be set to “1” by software. 


Figure 2.10.23 Timer BO mode register in pulse period/pulse width measurement mode 


84 


Rev. 1.0 


¢ MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M306V5ME-XXXSP 
M306V5EESP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER 
and ON-SCREEN DISPLAY CONTROLLER 


When measuring measurement pulse time interval from falling edge to falling edge 


Count source 


Measurement pulse 


' | Transfer Transfer 
7 (indeterminate value) // (measured value) 


Reload register «counter 
transfer timing 


Timing at which counter 
reaches “000016” 


Count start flag 


Timer BO interrupt 
request bit 


Cleared to “0” when interrupt request is accepted, or cleared by software. 


Timer BO overflow flag a ee ee 


Notes 1: Counter is initialized at completion of measurement. 
2: Timer has overflowed. 


Figure 2.10.24 Operation timing when measuring a pulse period 


Count source 


Transfer 
(measured value) 


Transfer Transfer 
(indeterminate (measured 


py 
Measurement pulse a 
. value) iA value) f 

Reload register «~counter 


transfer timing 


(Note 1) \ alNote 1) UA Wote 1) (Note 1) 
Timing at which counter a 
reaches “000016” 


Count start flag 


Timer BO interrupt 
request bit 


ae a a 


Cleared to “O” when interrupt request is accepted, or cleared by software. 


Timer BO overflow flag BA | 


0 


Notes 1: Counter is initialized at completion of measurement. 
2: Timer has overflowed. 


Figure 2.10.25 Operation timing when measuring a pulse width 
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Reserved register i 
b7 b6 b5 b4 b3 b2 bi b0 
Symbol Address When reset 


[o[o}ofofofofofo, INVCO 034816 000000002 
bobo obo oro ror INVC1 034016 


INVC2 03A816 000000002 
000000002 


: INVC5 037616 
| | Bit symbol 


Reserved bits Must always be set to “0” eo | 


Figure 2.10.26 Reserved register i (i = 0 to 2, 5) 


Reserved register i 
b7 b6 bS b4 b3 b2 b1 bd 
Symbol Address When reset 


[0] 1 ]ofo}o}ofo|o| INVC3 036216 4016 
Port odor INVC4 036616 4016 


Bit symbol Description 


Must always be set to “0” 


Must always be set to “1” 


Must always be set to “0” 


Reserved bits 


Note: Set data to this register after setting bit 2 of the protect register (address 000A 16) to “1.” 


Figure 2.10.27 Reserved register i (i = 3 and 4) 
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(4) TBOIN noise filter 


The input signal of pin TBOIN has the noise filter. The ON/OFF of noise filter and selection of filter clock 
are set by bits 2 to 4 of the peripheral mode register. 


Note: When using the noise filter, set bit 7 of the peripheral mode register according to the main clock 


frequency. 


Peripheral mode register 


b7 b6 bS5 b4 b3 b2 bi bO 


Address 
027Di6 


Symbol 
PM 


When reset 
0XX000002 


: [Bit symbol 


l2C-BUS interface port 


): None 
selection bits 


:SCL1, SDA1 

:SCL2, SDA2 

: SCL1 and SDA1, 
SCL2 and SDA2 


Clock selection bits of 
TBOIN noise filter 
(Note) 


10.25 us 

(removed bus width: max 0.75 us) 
:8us 

(removed bus width: max 24 us) 
:16 us 

(removed bus width: max 48 us) 
: 32 us 

(removed bus width: max 96 is) 


NEON ON/OFF selection oe Noise filter OFF 
bit of TBOIN pin noise filter : Noise filter ON 


Nothing is assigned. 
In an attempt to write to this bit, write “0.” The value, if read, turns out to be 
indeterminate. 


Main clock frequency 
selection bit 


0 : (XIN) = 10 MHz 
1: (XIN) = 16 MHz 


Note: The operation of MCU is not guaranteed when f(XIN) = 16 MHz. 


Figure 2.10.28 Peripheral mode register 
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2.11 Serial I/O 
Serial I/O is configured as 4 unites: UARTO, UART2, multi-master I@C-BUS interface 0, and multi-master 


|2C-BUS interface 1. 


2.11.1 UARTO and UART2 


UARTO and UART2 each have an exclusive timer to generate a transfer clock, so they operate indepen- 


88 


dently of each other. 


Figure 2.11.1 shows the block diagram of UARTO and UART2. Figures 2.11.2 and 2.11.3 show the block 


diagram of the transmit/receive unit. 


UARTI (i = 0 and 2) has two operation modes: a clock synchronous serial I/O mode and a clock asynchronous 
serial |/O mode (UART mode). The contents of the serial I/O mode select bits (bits 0 to 2 at addresses 03A016 
and 037816) determine whether UARTI is used as a clock synchronous serial I/O or as a UART. Although a 
few functions are different, UARTO and UART2 have almost the same functions. 
UARTO and UART2 are almost equal in their functions with minor exceptions. UART2, in particular, is 
compliant with the SIM interface. It also has the bus collision detection function that generates an interrupt 
request if the TxD pin and the RxD pin are different in level. 
Table 2.11.1 shows the comparison of functions of VARTO and UART2, and Figures 2.11.4 to 2.11.14 


show the registers related to UARTIi. 


Table 2.11.1 Comparison of functions of UARTO and UART2 


Function 


CLK polarity selection 


Possible 


(Note 1) 


Possible (Note 1) 


LSB first / MSB first selection 


Possible 


(Note 1) 


Possible (Note 2) 


Continuous receive mode selection 


Possible 


(Note 1) 


Possible (Note 1) 


Transfer clock output from multiple 
pins selection 


Impossible 


Impossible 


Serial data logic switch 


Impossible 


Possible (Note 4) 


Sleep mode selection 


Possible 


(Note 3) 


Impossible 


TxD, RxD I/O polarity switch 


Impossible 


Possible 


TxD, RxD port output format 


CMOS output 


N-channel open-drain 
output 


Parity error signal output 


Impossible 


Possible (Note 4) 


Bus collision detection 


Impossible 


Notes 1: Only when clock synchronous serial I/O mode. 
2: Only when clock synchronous serial I/O mode and 8-bit UART mode. 


3: Only when UART mode. 
4: Using for SIM interface. 
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(UARTO) 
RxDo © 


UART reception Receive 


’ 6 ; . 
Clock source selection Yart 9 pit rate Boer sana clock Transmit/ 
tt ° generator Clock synchronous type -—-°' control circuit receive 


fg ——o Internal (address 03A1 16) pet 


UART transmission Transmit 
f32 ea / (no+1) -—#i16 Transmission clock 


External Clock synchronous type control circuit 


Clock synchronous type 
(when internal clock is selected) 
—~o—! 


Oo 


Clock synchronous type Clock synchronous type 
(when internal clock is selected (when external clock is 


CLK selected) 
polarity 
reversing 


circuit 


1/2 


(UART2) 
RxD2 polarity 


reversing 
UART reception : Receive circuit 


Clock source selection  UART2 bit rate Reception | clock Transmit/ 


TxD 


a generator Clock synchronous type control circuit receive 
F Internal “(address 037916) unit 
i > UART transmissio Transmit 


O 
—s — = 
=e be] 0 
External Clock synchronous type —o control circuit 


Clock synchronous type 
(when internal clock is selected) 


Oo 
Clock synchronous type Clock synchronous type 
(when internal clock is selected) (when external clock is 


CLK selected) 
polarity <| 
reversing 


circuit 


nO : Values set to UARTO bit rate generator (BRGO) 
n2 : Values set to UART2 bit rate generator (BRG2) 


Figure 2.11.1 Block diagram of UARTI (i = 0 and 2) 
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Clock 


Clock 
synchronous type 


UART (7 bits) 
UART (8 bits) 


UART (7 bits) UARTI receive register 


synchronous 
PAR 
disabled |¥P° 


.) 
PAR UART 
enabled 


UART (9 bits) 


Clock 
synchronous type 


UART (8 bits) 
UART (9 bits) 


D7 i De } Ds } Da : Ds : De } D1 i Do 


MSB/LSB conversion circuit 


Data bus high-order bits 


Data bus low-order bits 


PAR 
enabled UART 
-——o 


Roe lpar| So! 
————o 
1SP PAR Clock 
disabled | synchronous 
type 


“gr 


MSB/LSB conversion circuit 


[Ds _| D7: De? Ds: Dai Ds} De: Di: Do 


UART (9 bits) 


UART (8 bits) 
UART (9 bits) 


Clock synchronous 
type 


UARTO receive 
buffer register 


cates 03A616 ) 
Address 03A716 


UARTO transmit 
buffer register 


Address 03A216 
Address 03A316 


—o 


UART (7 bits) 
UART (8 bits) 


Clock synchronous 


type 


UART (7 bits) RTO transmit register 


SP: Stop bit 
PAR: Parity bit 


Figure 2.11.2 Block diagram of UARTO transmit/receive unit 
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No reverse 
RxD data — 
i 0 
RxD2 ©) reverse circuit Raises 


Clock 
synchronous type 


Clock : f : 
PAR synchronous (8 bits) UART(7 bits) UART2 receive register 
disabled | Vne 
Uo Lo 
. e-{ Jie] 


PAR UART Clock 
enabled bi) synchronous type 


UART2 receive 
buffer register 


(Address 037E16 ) 


Address 037F16 


Logic reverse circuit + MSB/LSB conversion circuit 


Data bus high-order bits 


wa 
Data bus low-order bits 


Logic reverse circuit + MSB/LSB conversion circuit 


D7 De Ds Da D3 D2 Di Do UART2 transmit 


buffer register 


(Adcress 037A16 ) 


Address 037B16 
UART 
(8 bits) 
UART 
(9 bits) 
UART Clock 
PAR (9 bits) synchronous type 
enabled UART 


> | H_H_H_] 


PAR Clock 
disabled | Synchronous 
ly 


UART(7 bits) RT2 transmit register 


(8 bits) 


Clock 
synchronous type 


“oy 4 


Error signal output 
disable” B No reverse 


o 
Loo Error signal © TxD data C) TxD2 
2 output circuit | reverse circuit 


Error signal output Reverse 
enable 


SP: Stop bit 
PAR: Parity bit 


Figure 2.11.3 Block diagram of UART2 transmit/receive unit 
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UARTI transmit buffer register 
(b8) Address When reset 
bO b7 03A316, O3A2i16 Indeterminate 
037B16, 037Ai16 Indeterminate 


i} 
Transmit data (Note) 


Nothing is assigned. 
In an attempt to write to these bits, write “0.” The value, if read, turns out to be indeterminate. 


Figure 2.11.4 UARTIi transmit buffer register (i = 0 and 2) 


UARTI receive buffer register 


(b15) (b8) Symbol Address When reset 
b7 b0 


T UORB  03A716,03A616 _Indeterminate 


U2RB 037Fi6, 037E16 Indeterminate 


: Function Function 
Bit name (During clock synchronous (During UART mode) 


serial I/O mode) 


Receive data Receive data 


Nothing is assigned. 
In an attempt to write to these bits, write “0.” The value, if read, turns out to be “0.” 


Se ee a eT Tee ie) 


Reserved bit Must always be set to “0” Must always be set to “0” 


OER | Overrun error flag (Note 1) | 0 : No overrun error : No overrun error 
1 : Overrun error found : Overrun error found 


Framing error flag (Note 1) | Invalid : No framing error 
: Framing error found 


Parity error flag (Note 1) Invalid : No parity error 
: Parity error found 


Error sum flag (Note 1) Invalid : No error 
: Error found 


Notes 1: Bits 15 through 12 are set to “0” when the serial I/O mode select bit (bits 2 to 0 at addresses 
03A016 and 037816) are set to “0002” or the receive enable bit is set to “0”. 
(Bit 15 is set to “O” when bits 14 to 12 all are set to “0.”) Bits 14 and 13 are also set to “O” when 
the lower byte of the UARTIi receive buffer register (addresses 03A6 16 and 037E 16) is read out. 


2: The arbtration lost detecting flag is assigned to U2RB and is written only “0.” Nothing is 
assinged to bit 11 of UORB. This bit can neither be set nor reset, when read, he the value is “0.” 


Figure 2.11.5 UARTi receive buffer register (i = 0 and 2) 


UARTI bit rate generator 

b7 bo Address When reset 
03A1 16 Indeterminate 
037916 Indeterminate 


Values That can be set 


Assuming that set value = n, BRGi divides the count source by 0016 to FF16 
n+1 


Figure 2.11.6 UARTi bit rate generator (i = 0 and 2) 
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UARTO transmit/receive mode register 


b7 b6 b5 b4 b3_ b2 bt bO Symbol Address When reset 
UOMR 03A016 0016 


Function 
Bit name (During clock synchronous 
serial I/O mode) 


Must be fixed to 001 


Function 
(During UART mode) 


ea 
i 
Pa 
& 


Serial I/O mode select bit : Transfer data 7 bits long 


: Transfer data 8 bits long 
: Transfer data 9 bits long 
: Serial I/O invalid 

: Inhibited 

: Inhibited 

: Inhibited 


Internal/external clock 0: Internal clock 0: Internal clock 
select bit 1 : External clock 1 : External clock 
Stop bit length select bit | Invalid 0 : One stop bit 
. c 1 : Two stop bits 
Odd/even parity select bit | Invalid Valid when bit 6 = “1” 
0 : Odd parity 
1: Even parity 
Parity enable bit Invalid 0 : Parity disabled 
1: Parity enabled 


Sleep select bit Must always be “0” 0 : Sleep mode deselected 
1: Sleep mode selected 


: Serial I/O invalid 
: Inhibited 
: Inhibited 
: Inhibited 


io oo. eee 
4a4320-008 
--0O00+-0 


Figure 2.11.7 UARTO transmit/receive mode register 


UART2 transmit/receive mode register 


b7_ b6 bS b4 b3 b2 bi _b0 Symbol Address When reset 
U2MR 037816 0016 


Function g 
' : Function 
Bit name (During clock synchronous : 
ame | Serial vo mode) eae si pe 


b2 b1 bO 


Serial I/O mode select bit | Must be fixed to 001 100: Transfer data 7 bits long 


Transfer data 8 bits long 
Transfer data 9 bits long 
Serial I/O invalid 
Inhibited 

Inhibited 

Inhibited 


Internal/external clock 0: Internal clock 0 : Internal clock 
select bit 1 : External clock 1: External clock 
Stop bit length select bit | Invalid 0 : One stop bit 

1 : Two stop bits 
Odd/even parity select bit | Invalid Valid when bit 6 = “1” 

0 : Odd parity 

1: Even parity 
Parity enable bit Invalid 0 : Parity disabled 

1: Parity enabled 


TxD, RxD I/O polarity 0: No reverse 0 : No reverse 
reverse bit 1: Reverse 1: Reverse 
Usually set to “0” Usually set to “0” 


: Serial I/O invalid 
: Inhibited 
: Inhibited 
: Inhibited 


1 
1 
0 
0 
0 
1 


Figure 2.11.8 UART2 transmit/receive mode register 
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UARTO transmit/receive control register 0 


b7 b6 b5 b4 b3 b2 bit bO 
Symbol Address When reset 
UOCcoO 03A416 0816 


Function 
Bit name (During clock synchronous 
serial I/O mode 

b1bO b1 bO 
BRG count source 00:f1 is selected 00: f1is selected 
select bit 01:fsis selected 01:fsis selected 
10:f32is selected 10:f32is selected 

11: Inhibited 11: Inhibited 


Reserved bit Must always be set to “0” Must always be set to “0” 


: Data present in transmit 
register (during transmission) 

: No data present in transmit 
register (transmission 
completed) 


Function 
(During UART mode) 


0 : Data present in transmit register 
(during transmission) 

1: No data present in transmit 
register (transmission completed) 


Reserved bit 


f : TXDi pin is CMOS output 0: TXDi pin is CMOS output 
NEE || SPale ourpUbe lec Pt : TXDi pin is N-channel 1: TXDi pin is N-channel 
open-drain output open-drain output 


; : : Transmit data is output at M lw be set to “0” 
CEPOL. | CUS polatity seeet Olt falling edge of transfer clock pepamey® 


and receive data is input at 
rising edge 

: Transmit data is output at 
rising edge of transfer clock 
and receive data is input at 
falling edge 


UFORM JTransfer format select bit }0 : LSB first “9” 


Figure 2.11.9 UARTO transmit/receive control register 0 


Rev. 1.0 


¢ MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M306V5ME-XXXSP 
M306V5EESP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER 
and ON-SCREEN DISPLAY CONTROLLER 


UART2 transmit/receive control register 0 


b7 b6 b5 b4 b3 b2 bi b0 
Symbol Address When reset 


U2C0 037C16 0816 


b1 bO b1 bO 
BRG count source 00:ftis selected 00:ftis selected 


select bit 01:fsis selected 01:fsis selected 


10: f32is selected 10: f32is selected 
ie 3 Reserved bit 


11: Inhibited 11: Inhibited 
TXEPT | Transmit register empty a a 


register (during transmission) 

1 : No data present in transmit 
register (transmission 
completed) 


0 : Data present in transmit register 
(during transmission) 

1 : No data present in transmit 
register (transmission completed) 


ra Reserved bit Must always be set to “1” Must always be set to “1” 


Nothing is assigned. 
In an attempt to write to this bit, write “0.” The value, if read, turns out to be “0.” 


: : 0 : Transmit data is output at Must always be set to “0” 
CKPOL | CLK polarity select bit falling edge of transfer clock : 
and receive data is input at 
rising edge 
1: Transmit data is output at 

rising edge of transfer clock 
and receive data is input at 
falling edge 


UFORM |Transfer format select bit | 0 : LSB first 0: LSB first 
1: MSB first 1: MSB first 


Note 1: Only clock synchronous serial I/O mode and 8-bit UART mode are valid. 


Figure 2.11.10 UART2 transmit/receive control register 0 
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UARTO transmit/receive control register 1 


b7 b6 bS5 b4 b3 b2 b1 bd Symbol Address When reset 


XXX UoC1 03A516 0216 


i Function 
Bit F Function 
Bit name (During clock synchronous R! w 
symbol serial I/O mode) (During UART mode) 
‘] Transmit enable bit 0: Transmission disabled | 0 : Transmission disabled 
1: Transmission enabled | 1 : Transmission enabled 


Transmit buffer 


empty flag 


Receive complete flag 


0 : Data present in 
transmit buffer register 
: No data present in 
transmit buffer register 


0 : No data present in 
receive buffer register 

1 : Data present in 
receive buffer register 


0 : Data present in 
transmit buffer register 
: No data present in 
transmit buffer register 


0 : No data present in 
receive buffer register 

1 : Data present in 
receive buffer register 


Nothing is assigned. 
In an attempt to write to these bits, write “O.” The value, if read, turns out to be “0.” 


Figure 2.11.11 UARTO transmit/receive control register 1 


UART2 transmit/receive control register 1 


D7 (6 D5) sb b9.. b2 “BI _bO Symbol Address When reset 
U2C1 037D16 0216 


Bit name 


Transmit enable bit 


Transmit buffer 
empty flag 
Receive enable bit 


Receive complete flag 


UART2 transmit interrupt 
cause select bit 


UART2 continuous 
receive mode enable bit 


Data logic select bit 


Function 
(During clock synchronous 
serial I/O mode) 


0 : Transmission disabled 
1 : Transmission enabled 


0 : Data present in 
transmit buffer register 

1 : No data present in 
transmit buffer register 


0 : Reception disabled 
1 : Reception enabled 


0 : No data present in 
receive buffer register 

1 : Data present in 
receive buffer register 


0 : Transmit buffer empty 
(Tl = 1) 

1: Transmit is completed 
(TXEPT = 1) 


0 : Continuous receive 
mode disabled 

1 : Continuous receive 
mode enabled 


0 : No reverse 
1: Reverse 


Function 
(During UART mode) 


: Transmission disabled 
: Transmission enabled 


: Data present in 


transmit buffer register 


: No data present in 


transmit buffer register 


: Reception disabled 
: Reception enabled 


: No data present in 


receive buffer register 


: Data present in 


receive buffer register 


: Transmit buffer empty 


(TI = 1) 


: Transmit is completed 


(TXEPT = 1) 


: No reverse 
: Reverse 


Error signal output 
enable bit 


Must always be set to “0” 


Figure 2.11.12 UART2 transmit/receive control register 1 


: Output disabled 
: Output enabled 
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UART transmit/receive control register 2 


NS, b6 bS b4 b3 b2 b1 b0 


Address 
03B016 


When reset 
00000002 


Symbol 
UCON 


Function 
(During clock synchronous 
serial I/O mode) 
0 : Transmit buffer empty (TI = 1) 
1 : Transmission completed 
(TXEPT = 1) 


Bit 
symbol 


‘| UOIRS | UARTO transmit 
interrupt cause select bit 


Bit name 


-4 Reserved bit Must always be set to “O” | Must always be set to “0” 


UORRM| UARTO continuous 
receive mode select bit 


0 : Continuous receive mode 
disabled 

0 : Continuous receive mode 
enable 


Reserved bits Must always be set to “O” 


Function 
(During UART mode) 


0: Transmit buffer empty (TI = 1) 
1 : Transmission completed 
(TXEPT = 1) 


Invalid 


Must always be set to “0” 


Nothing is assigned. 


In an attempt to write to this bit, write “0.” The value, if read, turns out to be “0.” 


Figure 2.11.13 UART transmit/receive control register 2 


UART2 special mode register 


b7 b6 bS5 b4 b3 b2 bi bd 


Address 
037716 


When reset 
0016 


Symbol 
0 U2SMR 


Function 
(During clock synchronous 
serial I/O mode) 


Bit name 


Reserved bits always be set to “0” 


Auto clear function 
select bit of transmit 
enable bit 


always be set to “0” 


sss Transmit start condition st always be set to “0” a Ordinary 
select bit : Falling cage of RxD2 | 
Reserved bit st always be set to “O” | Must always be set to “0” oe To) 


Figure 2.11.14 UART2 special mode register 


Function 
(During UART mode) 


Must always be set to “0” 


0: No auto clear function 
1: Auto clear at occurrence of 
bus collision 
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2.11.2 Clock Synchronous Serial I/O Mode 


The clock synchronous serial I/O mode uses a transfer clock to transmit and receive data. Tables 2.11.2 
and 2.11.3 list the specifications of the clock synchronous serial I/O mode. Figures 2.11.15 and 2.11.16 
show the UARTIi transmit/receive mode register in clock synchronous serial I/O mode. 


Table 2.11.2 Specifications of clock synchronous serial I/O mode (1) 
Transfer data format ¢ Transfer data length: 8 bits 
Transfer clock ¢ When internal clock is selected (bit 3 at addresses 03A016, 037816 = “O”) : 
fi/ 2(n+1) (Note 1) fi = f1, fa, f32 
¢ When external clock is selected (bit 3 at addresses 03A016, 037816 = “1”) : 
Input from CLKi pin 
Transmission start condition | * To start transmission, the following requirements must be met: 
— Transmit enable bit (bit 0 at addresses 03A516, 037D16) = “1” 
— Transmit buffer empty flag (bit 1 at addresses 03A516, 037D16) = “0” 
¢ Furthermore, if external clock is selected, the following requirements musi 
also be met: 
— CLKi polarity select bit (bit 6 at addresses 03A416, 037C16) = “0”: 
CLKi input level = “H” 
— CLKi polarity select bit (bit 6 at addresses 03A416, 037C16) = “1”: 
CLKi input level = “L” 
Reception start condition | * To start reception, the following requirements must be met: 
— Receive enable bit (bit 2 at addresses 03A516, 037D16) = “1” 
— Transmit enable bit (bit 0 at addresses 03A516, 037D16) = “1” 
— Transmit buffer empty flag (bit 1 at addresses 03A516, 037D16) = “O” 
¢ Furthermore, if external clock is selected, the following requirements must 
also be met: 
— CLKi polarity select bit (bit 6 at addresses 03A416, 037C16) = “0”: 
CLKi input level = “H” 
— CLKi polarity select bit (bit 6 at addresses 03A416, 037C16) = “1”: 
CLKi input level = “L” 
Interrupt request ¢ When transmitting 
generation timing — Transmit interrupt cause select bit (bit 0 at address 03B016, bit 4 at 
address 037D16) = “O”: Interrupts requested when data transfer from UARTi 
transfer buffer register to UARTi transmit register is completed 
— Transmit interrupt cause select bit (bit 0 at address 03B016, bit 4 at 
address 037D16) = “1”: Interrupts requested when data transmission from 
UARTI transfer register is completed 
¢ When receiving 
— Interrupts requested when data transfer from UARTi receive register to 
UARTI receive buffer register is completed 
Error detection * Overrun error (Note 2) 
This error occurs when the next data is ready before contents of UARTi 
receive buffer register are read out 
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Table 2.11.3 Specifications of clock synchronous serial I/O mode (2) 


Item Specification 


Select function 


* CLK polarity selection 
Whether transmit data is output/input at the rising edge or falling edge of the 
transfer clock can be selected 
¢ LSB first/MSB first selection 
Whether transmission/reception begins with bit 0 or bit 7 can be selected 
* Continuous receive mode selection 
Reception is enabled simultaneously by a read from the receive buffer register 
* Switching serial data logic (UART2) 
Whether to reverse data in writing to the transmission buffer register or 
reading the reception buffer register can be selected. 
« TxD, RxD I/O polarity reverse (UART2) 
This function is reversing TxD port output and RxD port input. All I/O data 


level is reversed. 


Notes 1: “n” denotes the value 0016 to FF16 that is set to the UART bit rate generator. 
2: If an overrun error occurs, the UARTi receive buffer will have the next data written in. Note also 
that the UARTi receive interrupt request bit is not set to “1”. 
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UARTO transmit/receive mode register 


7 Symbol Address When reset 

oT T 1 1 (lololi UOMR 03A016 0016 
[Bitsymbol [_Bitrame | ————~Funcion RW 
0:9] 


Serial /O mode select bit | ""”° , 
00 1 : Clock synchronous serial 


I/O mode 


Invalid in clock synchronous serial I/O mode 


SLEP 0 (Must always be set to “0” in clock synchronous serial I/O mode) lo!) 


Figure 2.11.15 UARTO transmit/receive mode registers in clock synchronous serial I/O mode 


UART2 transmit/receive mode register 
ee Symbol Address When reset 
eL LLL Islet U2MR 037816 0016 
\ b2 b1 bO 


Serial I/O mode select bit 


0 0 1 : Clock synchronous serial [010] 


I/O mode 


CKDIR Internal/external clock . Internal clock 
select bit : External clock 


PRY Invalid in clock synchronous serial I/O mode 


PRYE 


IOPOL TxD, RxD I/O polarity ne No reverse 
reverse bit (Note) : Reverse 


Note: Usually set to “0”. 


pe 
ee) 
ee) 
ie) 


Figure 2.11.16 UART2 transmit/receive mode register in clock synchronous serial I/O mode 
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Table 2.11.4 lists the functions of the input/output pins during clock synchronous serial I/O mode. Note 
that for a period from when the UARTi operation mode is selected to when transfer starts, the TxDi pin 
outputs a “H”. (If the N-channel open-drain is selected, this pin is in floating state.) 


Table 2.11.4 Input/output pin functions in clock synchronous serial I/O mode 


Pin name Function Method of selection 
TxDi Serial data output (Outputs dummy data when performing reception only) 
(P63, P70) 
RxDi Serial data input Port P62 and P71 direction register (bits 2 at address O3EE 16, 
(P62, P71) bit 1 at address O3EF 16)= “0” 

(Can be used as an input port when performing transmission only) 

CLKi Transfer clock output Internal/external clock select bit (bit 3 at address 03A0 16, 037816) = “O” 
(P55, P72) Port P55 and P72 direction register (bit 5 at address O3EB 16, 


bit 2 at address O3EF 16) = “0” 


: Internal/external clock select bit (bit 3 at address 03A0 16, 037816) = “1” 
T fer clock t 
(SEL ee Port P55 and P72 direction register (bit 5 at address 03EB 16, 
bit 2 at address O3EF 16) = “0” 
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¢ Example of transmit timing (when internal clock is selected) 


Transfer clock 


Transmit enable 
bit (TE) 


Transmit buffer 
empty flag (TI) 


CLKi 


a COOOQOOELIOIOOOOOL_OQOOOOO® 2 


Transmit <1 
register empty “9” Pees ie if = ee 
flag (TXEPT) : i : 


Transmit interrupt 
request bit (IR) 


ees % ue 


Cleared to “O” when interrupt request is accepted, or cleared by software 
Shown in (_) are bit symbols. 
The above timing applies to the following settings: Te = TCLK = 2(n + 1)/fi 
+ Internal clock is selected. fi: frequency of BRGi count source (f 1, f8, £82) 


* CLK polarity select bit = “0”. n: value set to BRGi 
+ Transmit interrupt cause select bit = “O”. 


« Example of receive timing (when external clock is selected) 


Receive enable nw 
bit (RE) : 


Transmit enable 
bit (TE) “Oo” Dummy data is set in UARTi transmit buffer register 


Transmit buffer 
empty flag (TI) 

| Transferred from UARTI transmit buffer register to UARTIi transmit register 
CLKi 


Receive data is taken in 


RxDi 


Transferred from UARTI receive register Read out from UARTI receive buffer register 
to UARTI receive buffer register 


Receive complete ; 
flag (RI) “0” 


Receive interrupt 
request bit (IR) 


Cleared to “0” when interrupt request is accepted, or cleared by software 


Shown in (_) are bit symbols. 


The above timing applies to the following settings: Meet the following conditions are met when the CLK 
+ External clock is selected. input before data reception = “H” 
* CLK polarity select bit = “0”. * Transmit enable bit — “1” 
+ Receive enable bit >“1” 
+ Dummy data write to UARTI transmit buffer register 
fEXT: frequency of external clock 


Figure 2.11.17 Typical transmit/receive timings in clock synchronous serial I/O mode 
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(1) Polarity select function 
As shown in Figure 2.11.18, the CLK polarity select bit (bit 6 at addresses 03A416, 037C16) allows 
selection of the polarity of the transfer clock. 


¢ When CLK polarity select bit = “O” 


CLKi ' t 


l . | 
TXDi X Do X bt X be )X bs X Da X Ds X De X D7 Mote: jorcenna, eee 


RXDi X Do X Di X D2 X D3 X D4 X D5 X De X D7 


¢ When CLK polarity select bit = “1” 


CLKi f \ 


Note 2: The CLK pin level when not 
TXDi X Do X Di X D2}X D3 X D4 X D5 X De X D7 transferring data is “L”. 


Figure 2.11.18 Polarity of transfer clock 


(2) LSB first/MSB first select function 
As shown in Figure 2.11.19, when the transfer format select bit (bit 7 at addresses 03A416, 037C16) = 
“O”, the transfer format is “LSB first’; when the bit = “1”, the transfer format is “MSB first”. 


¢« When transfer format select bit = “O” 


CLKi 
TXDi X Do X D1 X D2 X Ds X D4 X D5 X De X D7 
RXDi Do X Di X D2 X D3 X D4 X Ds X De X D7 


mp LSB first 


« When transfer format select bit = “1” 


CLKi 
TXDi X D7 X De X Ds X D4 X D3 X D2 X D1 X Do 
RXDi pz X De X Ds X D4 X D3 X D2 X Dt X Do 


=p MSB first 


Note: This applies when the CLK polarity select bit = “O”. 


Figure 2.11.19 Transfer format 
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(3) Continuous receive mode 
If the continuous receive mode enable bit (bits 2 at address 03B016, bit 5 at address 037D16) is set to 
“{”, the unit is placed in continuous receive mode. In this mode, when the receive buffer register is 
read out, the unit simultaneously goes to a receive enable state without having to set dummy data to 
the transmit buffer register back again. 


(4) Serial data logic switch function (UART2) 
When the data logic select bit (bit6 at address 037D16) = “1”, and writing to transmit buffer register or 
reading from receive buffer register, data is reversed. Figure 2.11.20 shows the example of serial data 
logic switch timing. 


When LSB first 


Transfer clock iis | | | | | | | | | | | 
“8 


TxD2 “H” 
fowls y as DO f_D1 f D2 X_D3 j D4 jf DS j DE J _D7 ) 
TxD2 “H” SSS SS VSS — 
(evesey as (DO fDi j D2 j D3 X D4 J DS J D6 } D7 ) 


Figure 2.11.20 Serial data logic switch timing 
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2.11.3 Clock Asynchronous Serial I/O (UART) Mode 
The UART mode allows transmitting and receiving data after setting the desired transfer rate and transfer 
data format. Tables 2.11.5 and 2.11.6 list the specifications of the UART mode. Figure 2.11.21 and 
2.11.22 show the UARTIi transmit/receive mode register in UART mode. 


Table 2.11.5 Specifications of UART Mode (1) 


Item Specification 


Transfer data format ¢ Character bit (transfer data): 7 bits, 8 bits, or 9 bits as selected 

* Start bit: 1 bit 

¢ Parity bit: Odd, even, or nothing as selected 

¢ Stop bit: 1 bit or 2 bits as selected 

Transfer clock ¢ When internal clock is selected (bit 3 at addresses 03A016, 037816 = “O”) : 
fi/16(n+1) (Note 1) fi = f1, fs, f32 

¢ When external clock is selected (bit 3 at addresses 03A016, 037816 ="1”) : 
fEXT/16(n+1)(Note 1) (Note 2) 

Transmission start condition] * To start transmission, the following requirements must be met: 

- Transmit enable bit (bit 0 at addresses 03A516, 037D16) = “1” 

- Transmit buffer empty flag (bit 1 at addresses 03A516, 037D16) = “0” 

Reception start condition | * To start reception, the following requirements must be met: 

- Receive enable bit (bit 2 at addresses 03A516, 037D16) = “1” 


- Start bit detection 
Interrupt request ¢ When transmitting 
generation timing - Transmit interrupt cause select bits (bits 0 at address 03B016, bit4 at 


address 037D16) = “0”: Interrupts requested when data transfer from UARTi 
transfer buffer register to UARTi transmit register is completed 

- Transmit interrupt cause select bits (bits 0 at address 03B016, bit4 at 
address 037D16) = “1”: Interrupts requested when data transmission from 
UARTI transfer register is completed 

« When receiving 

- Interrupts requested when data transfer from UARTI receive register to 
UARTI receive buffer register is completed 

Error detection ¢ Overrun error (Note 3) 
This error occurs when the next data is ready before contents of UARTi 
receive buffer register are read out 

¢ Framing error 
This error occurs when the number of stop bits set is not detected 

¢ Parity error 
This error occurs when if parity is enabled, the number of 1’s in parity and 
character bits does not match the number of 1’s set 

¢ Error sum flag 
This flag is set (= 1) when any of the overrun, framing, and parity errors is 
encountered 
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Table 2.11.6 Specifications of UART Mode (2) 


Item Specification 


Select function * Sleep mode selection (UARTO) 
This mode is used to transfer data to and from one of multiple slave micro- 
computers 

* Serial data logic switch (UART2) 


This function is reversing logic value of transferring data. Start bit, parity bit 
and stop bit are not reversed. 

¢ TxD, RxD I/O polarity switch 
This function is reversing TxD port output and RxD port input. All I/O data 
level is reversed. 


Notes 1: ‘n’ denotes the value 0016 to FF 16 that is set to the UARTIi bit rate generator. 
2: fEXT is input from the CLKi pin. 
3: If an overrun error occurs, the UARTi receive buffer will have the next data written in. Note also 
that the UARTi receive interrupt request bit is not set to “1”. 
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UARTO transmit/receive mode register 


b7_ b6_b5 b4 b3 b2 bi b0 Symbol Address When reset 
UOMR 03A016 0016 


b2 b1 bO 
| SMD0_| sera YO mpesseler ait 100: Transfer data 7 bits long 


101: Transfer data 8 bits long 
110: Transfer data 9 bits long 


CKDIR Internal / external clock i. Internal clock 
select bit : External clock 
STPS Stop bit length select bit . One stop bit 
: Two stop bits 
Odd / even parity Valid when bit 6 = “1” oo 


select bit " Odd parity 
: Even parity 


PRYE Parity enable bit ne Parity disabled 
: Parity enabled 
SLEP Sleep select bit 0 : Sleep mode deselected 
1 : Sleep mode selected 


Figure 2.11.21 UARTO transmit/receive mode register in UART mode 


UART2 transmit/receive mode register 


b7_b6 bS b4 b3 b2 bi _ b0 Symbol Address When reset 
U2MR 037816 0016 


2 Serial /O mode select bit |” ; . loi 


100: Transfer data 7 bits long 
101: Transfer data 8 bits long 
110: Transfer data 9 bits long 


CKDIR Internal / external clock : Internal clock 
select bit : External clock 
STPS Stop bit length select bit 7 One stop bit 
: Two stop bits 
Odd / even parity Valid when bit 6 = “1” 


select bit . Odd parity 
: Even parity 


PRYE Parity enable bit - Parity disabled 
: Parity enabled 
IOPOL TxD, RxD I/O polarity : No reverse 
reverse bit (Note) : Reverse 


Note: Usually set to “0”. 


Figure 2.11.22 UART2 transmit/receive mode register in UART mode 
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Table 2.11.7 lists the functions of the input/output pins during UART mode. Note that for a period from 
when the UARTIi operation mode is selected to when transfer starts, the TxDi pin outputs a “H”. (If the N- 
channel open-drain is selected, this pin is in floating state.) 


Table 2.11.7 Input/output pin functions in UART mode 


Pin name Function Method of selection 


TxDi Serial data output 
(P63, P70) 


RxDi Serial data input Port P62 and P71 direction register (bit 2 at address 03EE16, 
(P62, P71) bit 1 at address O3EF16)= “0” 
(Can be used as an input port when performing transmission only) 


CLKi Programmable input port | Internal/external clock select bit (bit 3 at address 03A016, 037816) = “0” 
(P55, P72) Port P55 and P72 direction register (bit 5 at address 03EB16, 
bit 2 at address O3EF16) = “0” 


Transfer clock input Internal/external clock select bit (bit 3 at address 03A016, 037816) = “1” 
Port P55 and P72 direction register (bit 5 at address 03EB16, 
bit 2 at address O3EF 16) = “0” 
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<UARTO> 


« Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit) 


The transfer clock stops momentarily as CTS is “H” when the stop bit is checked. 
The transfer clock starts as the transfer starts immediately CTS changes to “L”. 
Transfer clock 


Transmit enable 
bit(TE) 


Transmit buffer 
empty flag(Tl) 


Transferred from UARTI transmit buffer register to UARTi transmit register 


: : \ 
Parity : Stop Stopped pulsing because transmit enable bit = “0” 


TxDi 


Transmit register 
empty flag (TXEPT) 


Transmit interrupt 
request bit (IR) 


Cleared to “O” when interrupt request is accepted, or cleared by software 


Shown in (_) are bit symbols. 


The above timing applies to the following settings : Te = 16 (n+ 1)/fior 16 (n + 1) / fEXxT 
+ Parity is enabled. fi : frequency of BRGi count source (f 1, f8, £32) 
* One stop bit. fEXT : frequency of BRGi count source (external clock) 
* Transmit interrupt cause select bit = “1”. n: value set to BRGi 


<UARTO> 


« Example of transmit timing when transfer data is 9 bits long (parity disabled, two stop bits) 


Tc 


Transfer clock | | | | | | | | | | 


Transmit enable ve 
bit(TE) “9” Data is set in UARTI transmit buffer register ; 


Transmit buffer 
empty flag(TI) ! J 
Transferred from UARTI transmit buffer register to UARTi transmit register 
Start Stop Stop 
bit bit bit 


TxDi ST {9X DX DAXD3XD4KDKDeKD7KD*) SPSP S {Do)XD1XD2{D3)X D4 Ds)\DsX D7) Ds YSPSP ST (DoXD:) 
amply flag (TXEPT) 2 a = = ee = = ie, 


Transmit interrupt 
request bit (IR) 


a Ve 


Cleared to “O” when interrupt request is accepted, or cleared by software 
Shown in (_) are bit symbols. 


The above timing applies to the following settings : Te = 16 (n+ 1)/fi or 16 (n + 1) / fExT 
+ Parity is disabled. fi : frequency of BRGi count source (f1, f8, f32) 
* Two stop bits. fEXT : frequency of BRGi count source (external clock) 
* Transmit interrupt cause select bit = “0”. n: value set to BRGi 


Figure 2.11.23 Typical transmit/receive timings in UART mode 
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<UART2> 


« Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit) 


Tc 
>| 
Transfer clock 


Transmit enable a — 
bit(TE) “9” a Data is set in UART2 transmit buffer register 


Note 


i 


Transmit buffer “ar | + —<-—_————— 
empty flag(Tl) a LU x 


Transferred from UART2 transmit buffer register to UARTIi transmit register 


Start Parity Stop 
; it bit 


\ XQ OOOOOEYE STAEKE KEKE EE ENEKEY SP 


Transmit register “1” 
empty flag (TXEPT) «q» 


Transmit interrupt “1” 
request bit (IR) 


% we 


Cleared to “O” when interrupt request is accepted, or cleared by software 
Shown in (_) are bit symbols. 


The above timing applies to the following settings: Tc = 16 (n+ 1)/fi 
+ Parity is enabled. fi : frequency of BRG2 count source (f 1, f8, £32) 
+ One stop bit. n: value set to BRG2 
+ Transmit interrupt cause select bit = “1”. 


Note: The transmit is started with overflow timing of BRG after having written in a value at the transmit buffer in the above timing. 


<UART2, UARTO> 


« Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit) 


BRGi count 
source 


“4” 

Receive enable bit “0” 
i Stop bit 

RxDi ; Start bit y \ 


Sampled “L” 


Receive data taken in 


Transfer clock te L_ 


Reception triggered when transfer clock Transfered from UARTI receive register to 


Receive ov is generated by falling edge of start bit | UARTi receive buffer register —_ , =<_—— = 


complete flag 
Receive interrupt “1” | 
request bit o” 


Cleared to “0” when interrupt request is accepted, or cleared by software 


The above timing applies to the following settings : 
Parity is disabled. 
*One stop bit. 


Figure 2.11.23 Typical transmit/receive timings in UART mode 
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(1) Sleep mode (UARTO) 
This mode is used to transfer data between specific microcomputers among multiple microcomputers 
connected using UARTO. The sleep mode is selected when the sleep select bit (bit 7 at address 
03A016) is set to “1” during reception. In this mode, the unit performs receive operation when the MSB 
of the received data = “1” and does not perform receive operation when the MSB = “0”. 


(2) Function for switching serial data logic (UART2) 
When the data logic select bit (bit 6 of address 037D16) is assigned 1, data is inverted in writing to the 
transmission buffer register or reading the reception buffer register. Figure 2.11.24 shows the ex- 
ample of timing for switching serial data logic. 


¢ When LSB first, parity enabled, one stop bit 


TxD “H” 
nie. a ST 4_DO }_D1 } _D2 j 03 f D4 f_D5 {_D6 07 }_P } SP 


ae st (0 \ br {be \ 03 (bs {bs Xs (o7 XP Y SP 


ST : Start bit 
P : Even parity 
SP : Stop bit 


Figure 2.11.24 Timing for switching serial data logic 


(3) TxD, RxD I/O polarity reverse function (UART2) 
This function is to reverse TxD pin output and RxD pin input. The level of any data to be input or output 
(including the start bit, stop bit(s), and parity bit) is reversed. Set this function to “O” (not to reverse) for 
usual use. 
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(4) Bus collision detection function and other functions (UART2) 
This function is to sample the output level of the TxD pin and the input level of the RxD pin at the rising 
edge of the transfer clock; if their values are different, then an interrupt request occurs. Figure 2.11.26 
shows the example of detection timing of a buss collision (in UART mode). 
And also, bit 5 of the special UART2 mode register is used as the selection bit for auto clear function 
select bit of enable bit. Setting this bit to “1” automatically resets the transmit enable bit to “O” when “1” 
is set in the bus collision detection interrupt request bit (nonconformity) (refer to Figure 2.11.25). 
Bit 6 of the special UART2 mode register is used as the transmit start condition select bit. Setting this 
bit to “1” starts the TxD transmission in synchronization with the falling edge of the RxD terminal (refer 
to Figure 2.11.26). 


Transfer clock LALA LE LALA LALA LALA 


“H 
“ 


TxD2 


ST SP 


RxD2. 


Bus collision detection — «4» 
interrupt request signal \ / 
Bus collision detection oy 

interrupt request bit “9” | 


ST : Start bit 
SP : Stop bit 


ST SP 


Figure 2.11.25 Detection timing of a bus collision (in UART mode) 


Transmit start condition select bit (Bit 6 of the UART2 special mode register) 


0: In normal state 


Enabling transmission 


With "1: falling edge of RxD2" selected 


clk fo] 
— I 
——/ 


Figure 2.11.26 Some other functions 
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2.11.4 Clock-asynchronous Serial I/O Mode (Compliant with the SIM Interface) 
The SIM interface is used for connecting the microcomputer with a memory card I/C or the like; adding 
some extra settings in UART2 clock-asynchronous serial I/O mode allows the user to effect this function. 
Tables 2.11.8 and 2.11.9 show the specifications of clock-asynchronous serial I/O mode (compliant with 


the SIM interface). 


Table 2.11.8 Specifications of clock-asynchronous serial I/O mode (compliant with the SIM 
interface) (1) 


Item Specification 


Transfer data format 


¢ Transfer data 8-bit UART mode (bit 2 through bit 0 of address 037816 = “1012”) 
* One stop bit (bit 4 of address 037816 = “O”) 
¢ With the direct format chosen 
Set parity to “even” (bit 5 and bit 6 of address 037816 = “1” and “1” respectively) 
Set data logic to “direct” (bit 6 of address 037D16 = “O”). 
Set transfer format to LSB (bit 7 of address 037C16 = “O”). 
¢ With the inverse format chosen 
Set parity to “odd” (bit 5 and bit 6 of address 037816 = “0” and “1” respectively) 
Set data logic to “inverse” (bit 6 of address 037D16 = “1”) 
Set transfer format to MSB (bit 7 of address 037C16 = “1”) 


Transfer clock 


¢ With the internal clock chosen (bit 3 of address 037816 = “O”) : 
fi/ 16 (n + 1) (Note 1) : fi=f1, fs, f32 

¢ With an external clock chosen (bit 3 of address 037816 = “1”) : 
fEXT / 16 (n+1) (Note 1) (Note 2) 


Other settings 


¢ The sleep mode select function is not available for UART2 
¢ Set transmission interrupt factor to “transmission completed” 
(bit 4 of address 037D16 = “1”) 


Transmission start condition 


¢ To start transmission, the following requirements must be met: 
- Transmit enable bit (bit 0 of address 037D16) = “1” 
- Transmit buffer empty flag (bit 1 of address 037D16) = “O” 


Reception start condition 


¢ To start reception, the following requirements must be met: 
- Reception enable bit (bit 2 of address 037D16) = “1” 
- Detection of a start bit 


Interrupt request 
generation timing 
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¢ When transmitting 
When data transmission from the UART2 transfer register is completed 
(bit 4 of address 037D16 = “1”) 

¢ When receiving 
When data transfer from the UART2 receive register to the UART2 receive 


buffer register is completed 
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Table 2.11.9 Specifications of clock-asynchronous serial I/O mode (compliant with the SIM 
interface) (2) 


Specification 
Error detection * Overrun error (see the specifications of clock-asynchronous serial I/O) (Note 3) 
* Framing error (see the specifications of clock-asynchronous serial I/O) 
¢ Parity error (see the specifications of clock-asynchronous serial I/O) 
- On the reception side, an “L” level is output from the TxD2 pin by use of the parity error 


signal output function (bit 7 of address 037D16 = “1”) when a parity error is detected 
- On the transmission side, a parity error is detected by the level of input to 
the RxD2 pin when a transmission interrupt occurs 
* The error sum flag (see the specifications of clock-asynchronous serial I/O) 


Notes 1: ‘n’ denotes the value 0016 to FF 16 that is set to the UARTIi bit rate generator. 
2: fEXT is input from the CLK2 pin. 
3: If an overrun error occurs, the UART2 receive buffer will have the next data written in. Note also 
that the UARTi receive interrupt request bit is not set to “1”. 
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(Note 1) 
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Transmit interrupt 
request bit (IR) 
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a J Data is set in UARTI transmit buffer register 


Transferred from UARTIi transmit buffer register to UARTI transmit register 
a Parity Stop 
bit bit 


VO OC OC COC Ce TRIO OXAEY SP 


A “L” level returns from TxD2 due to a 
the occurrence of a parity error. 


The level is 
detected by the 


The level is detected by the 
interrupt routine. 


Cleared to “0” when interrupt request is accepted, or cleared by software 


Shown in (_ ) are bit symbols. 


The above timing applies to the following settings : 
+ Parity is enabled. 
* One stop bit. 
+ Transmit interrupt cause select bit = “1”. 


Transfer clock 
Receive enable 
bit (RE) 

RxD2 


TxD2 


Signal conductor level 
(Note 1) 


Receive complete 
flag (RI) 


Receive interrupt 
request bit (IR) 


Tce = 16 (n+ 1)/fior 16 (n+ 1) /fext 
fi : frequency of BRGi count source (f 1, f8, £32) 
fEXT : frequency of BRGi count source (external clock) 
n: value set to BRGi 


Te 


>| 


Start Parity Stop 
bit bit bit 


\ OOQQOOOL= \eHOGOQOOOR = 
2 A“L” level returns from TxD2 due to i / 


the occurrence of a parity error. 


WDCC 00005 \ sro XeXoKeXeKaXEXOKPY s* 


— 


Read to receive buffer Read to receive buffer 


“~< wee 


Cleared to “0” when interrupt request is accepted, or cleared by software 


Shown in (_ ) are bit symbols. 


The above timing applies to the following settings : 
+ Parity is enabled. 
* One stop bit. 
+ Transmit interrupt cause select bit = “0”. 


Tc = 16 (n+ 1) /fior 16 (n + 1) / fext 
fi : frequency of BRGi count source (f 1, f8, f32) 
fEXT : frequency of BRGi count source (external clock) 
n: value set to BRGi 


Note: Equal in waveform because TxD 2 and RxD2 are connected. 


Figure 2.11.27 Typical transmit/receive timing in UART mode (compliant with the SIM interface) 
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(1) Function for outputting a parity error signal 
With the error signal output enable bit (bit 7 of address 037D16) assigned “1”, you can output an “L” 
level from the TxD2 pin when a parity error is detected. In step with this function, the generation timing 
of a transmission completion interrupt changes to the detection timing of a parity error signal. Figure 
2.11.28 shows the output timing of the parity error signal. 


¢ LSB first 


mel yp a Vr a pe yD 
clock ‘v 
RxD2 ST { Do X D1 X D2 X_b3 X D4 X Ds X De X D7 X_P YY SP 


TxD2 ” Hi-Z 
Receive “1” — 
complete flag ‘o” 


ST : Start bit 
P : Even Parity 
SP : Stop bit 


Figure 2.11.28 Output timing of the parity error signal 


(2) Direct format/inverse format 
Connecting the SIM card allows you to switch between direct format and inverse format. If you choose 
the direct format, Do data is output from TxD2. If you choose the inverse format, D7 data is inverted 
and output from TxD2. 
Figure 2.11.29 shows the SIM interface format. 


Transfer 
cleck 


TxD2 
(direct) 


TxD2 
(inverse) 


P : Even parity 
Figure 2.11.29 SIM interface format 


Figure 2.11.30 shows the example of connecting the SIM interface. Connect TxD2 and RxD2 and apply 
pull-up. 


Microcomputer 


TxD2 | 
RxD2 


SIM card 


Figure 2.11.30 Connecting the SIM interface 
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2.11.5 Serial Interface Ports 
The I/O ports (P67, P70 to P72) function as I/O ports of UART2 and multi-master 12C-BUS interface 0 
(refer to “2.11.6 Multi-master |2C-BUS interface i”) . Set the connection between both serial interfaces 
and each port by bits 0 and 1 (BSELO and BSEL1) of the peripheral mode register (address 027D16) and 
bit 2 (FIICON) of the I2CO port selection register (address 02E516). 


FIICON 


SCL1/RxD2/P71 


SCL2/CLK2/P72 


Multi-master I2C-BUS 
interface 0 


SDA1/TxD2/P70 


Figure 2.11.31 Serial interface port control 
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2.11.6 Multi-master I2C-BUS Interface 0 and Multi-master I2C-BUS Interface 1 
The multi-master I@C-BUS interface 0 and 1 have each dedicated circuit and operate independently. 
The multi-master I@C-BUS interface i is a serial communications circuit, conforming to the Philips I@C- 
BUS data transfer format. This interface i, offering both arbitration lost detection and a synchronous 
functions, is useful for the multi-master serial communications. 
Figures 2.11.32 and Figure 2.11.33 show a block diagram of the multi-master I2@C-BUS interface i and 
Table 2.11.13 shows multi-master |@C-BUS interface i functions. 
This multi-master I2@C-BUS interface i consists of the |@Ci address register, the |@Ci data shift register, the 
I2Ci clock control register, the I@Ci control register, the I@Ci status register, the I@Ci port selection register 
and other control circuits. 


Table 2.11.13 Multi-master I2C-BUS Interface Functions 


Item Function 
Format In conformity with Philips I@C-BUS standard: 
10-bit addressing format 
7-bit addressing format 
High-speed clock mode 
Standard clock mode 


Communication mode In conformity with Philips I°C-BUS standard: 
Master transmission Master reception 

Slave transmission 

Slave reception 

SCL clock frequencyn 16.1 kHz to 400 kHz (at BCLK = 10 MHz) 


Note : We are not responsible for any third party’s infringement of patent rights or other rights attributable 
to the use of the control function (bits 6 and 7 of the I@C control register at address 027D16) for 
connections between the I2C-BUS interface 0 and ports (SCL1, SCL2, SDA1, SDA2). 
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Fig. 2.11.32 Block Diagram of Multi-master I2C-BUS Interface 0 
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Fig. 2.11.33 Block Diagram of Multi-master I2C-BUS Interface 1 
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(1) 12Ci port selection register (i = 0, 1) 
The |?Ci port selection register consists of bit to validate the multi-master I@C-BUS interface i function. 


@ Bit 2: Multi-master I2C-BUS interface valid bit (FIICON) 

When this bit is “0,” the multi-master I2C-BUS interface i is nonactive; when “1,” it is active. When 

selecting active, multi-master |@C-BUS interface 0 is connected with the ports selected by bits 0 and 1 

of the peripheral mode register (address 027D16) and multi-master I?C-BUS interface 1 is connected 

with the ports P93 and P94. 

Note: It needs 10-BCLK cycles from setting this bit to “1” to being active of multi-master I@C-BUS 
interface i. Accordingly, do not access multi-master I2C-BUS interface i-related registers in this 
period. 


I?Ci port selection register (i = 0, 1) 


b7 b6 b5 b4 b3 b2 bi b0 Symbol Address When reset 


IIC1S2D O2EDi16 00??00002 


lofofofojo} jojo icos2D 02E516 007200002 


Must always be set to “0” 
FIICON Multi-master I7C-BUS — | 0 : Nonactive 
interface valid bit 1: Active 


Must always be set to “0” 


Fig. 2.11.34 |?Ci port selection register (i = 0, 1) 
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(2) I2Ci data shift register, I2Ci transmit buffer register (i = 0, 1) 
The |?Ci data shift register is an 8-bit shift register to store receive data and write transmit data. 
When transmit data is written into this register, it is transferred to the outside from bit 7 in synchroniza- 
tion with the SCL clock, and each time one-bit data is output, the data of this register are shifted one bit 
to the left. When data is received, it is input to this register from bit 0 in synchronization with the SCL 
clock, and each time one-bit data is input, the data of this register are shifted one bit to the left. 
The |?Ci data shift register is in a write enable status only when the ESO bit of the I?Ci control register 
is “1.” The bit counter is reset by a write instruction to the I?Ci data shift register. When both the ESO 
bit and the MST bit of the I?Ci status register are “1,” the SCL is output by a write instruction to the |@Ci 
data shift register. Reading data from the |@Ci data shift register is always enabled regardless of the 
ESO bit value. 
The |?Ci transmit buffer register is a register to store transmit data (slave address) to the I@Ci data shift 
register before RESTART condition generation. That is, in master, transmit data written to the I@Ci 
transmit buffer register is written to the I@Ci data shift register simultaneously. However, the SCL is not 
output. The |?Ci transmit buffer register can be written only when the ESO bit is “1,” reading data from 
the I@Ci transmit buffer register is disabled regardless of the ESO bit value. 


Notes 1: To write data into the I@Ci data shift register or the I@Ci transmit buffer register after the MST 
bit value changes from “1” to “0” (slave mode), keep an interval of 20 BCLK or more. 
2: To generate START/RESTART condition after the I2Ci data shift register or the I2Ci transmit 
buffer register is written, keep an interval of 2 BCLK or more. 
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[?Ci data shift register (i = 0, 1) 
b7 b6 b5 b4 b3 b2 b1 bO 


Symbol Address When reset 
IICOSO 02E016 Indeterminate 
11C1S0 02E816 Indeterminate 


Data shift register This is an 8-bit shift register to store 
receive data and write transmit data. 


Note: To write data into the I?Ci data shift register after setting the MST bit to “0” (slave 
mode), keep an interval of 8 machine cycles or more. 


Fig. 2.11.35 |?Ci data shift register (i = 0, 1) 


I?Ci transmit buffer register (i = 0, 1) 


b7 b6 bS b4 b3 b2 bi bO Symbol Address When reset 
IICOSOS 02E616 Indeterminate 


I1C1S0S O2EE16 Indeterminate 


data to I?Ci data shift register. 


Fig. 2.11.36 I?Ci transmit buffer register (i = 0, 1) 
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(3) I2Ci address register (i = 0, 1) 
The |?Ci address register consists of a 7-bit slave address and a read/write bit. In the addressing 
mode, the slave address written in this register is compared with the address data to be received 
immediately after the START condition are detected. 


@ Bit 0: read/write bit (RBW) 
Not used when comparing addresses, in the 7-bit addressing mode. In the 10-bit addressing mode, 
the first address data to be received is compared with the contents (SAD6 to SADO + RBW) of the I?Ci 
address register. 
The RBW bit is cleared to “O” automatically when the stop condition is detected. 

Hi Bits 1 to 7: slave address (SADO-SAD6) 
These bits store slave addresses. Regardless of the 7-bit addressing mode and the 10-bit addressing 
mode, the address data transmitted from the master is compared with the contents of these bits. 


l2Ci address register (i = 0, 1) 
b7 b6 bS b4 b3 b2 bi bd Symbol Address When reset 
IICOSOD 02E116 0016 
1C1SOD 02E916 0016 


<Only in 10-bit addressing (in slave) mode> 
The last significant bit of address data is 
compared. 
0 : Wait the first byte of slave address 
after START condition 
(read state) 


1 : Wait the first byte of slave address 
after RESTART condition 
(write state) 


DO Slave address <In both modes> 

D1 The address data is compared. 
D2 

D3 

D4 

D5 

D6 


Fig. 2.11.37 I?Ci address register (i= 0, 1) 
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(4) 12Ci clock control register (i = 0, 1) 
The |?Ci clock control register is used to set ACK control, SCL mode and SCL frequency. 


@ Bits 0 to 4: SCL frequency conirol bits (CCRO—CCR4) 
These bits control the SCL frequency. 

@ Bit 5: SCL mode specification bit (FAST MODE) 
This bit specifies the SCL mode. When this bit is set to “O,” the standard clock mode is set. When the 
bit is set to “1,” the high-speed clock mode is set. 

@ Bit 6: ACK bit (ACK BIT) 
This bit sets the SDA status when an ACK clock* is generated. When this bit is set to “0,” the ACK 
return mode is set and SDA goes to LOW at the occurrence of an ACK clock. When the bit is set to “1,” 
the ACK non-return mode is set. The SDA is held in the HIGH status at the occurrence of an ACK 
clock. 
However, when the slave address matches the address data in the reception of address data at ACK 
BIT = “O,” the SDA is automatically made LOW (ACK is returned). If there is a mismatch between the 
slave address and the address data, the SDA is automatically made HIGH (ACK is not returned). 

*kACK clock: Clock for acknowledgement 

@ Bit 7: ACK clock bit (ACK) 
This bit specifies a mode of acknowledgment which is an acknowledgment response of data transmis- 
sion. When this bit is set to “0,” the no ACK clock mode is set. In this case, no ACK clock occurs after 
data transmission. When the bit is set to “1,” the ACK clock mode is set and the master generates an 
ACK clock upon completion of each 1-byte data transmission. The device for transmitting address data 
and control data releases the SDA at the occurrence of an ACK clock (make SDA HIGH) and receives 
the ACK bit generated by the data receiving device. 


Note: Do not write data into the I?Ci clock control register during transmission. If data is written during 
transmission, the I?Ci clock generator is reset, so that data cannot be transmitted normally. 
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l2Ci clock control register (i = 0, 1) 


b7 b6 bS b4 b3 b2 bi bo Symbol Address When reset 
IICOS2 02E416 0016 
11C1S2 02ECi6 0016 


SCL frequency control O'oO 
bits CCR4-CCRO | clock mode clock mode 


06 


(at BCLK = 10 MHz, unit : KHz) 


FAST MODE | SCL mode specification | 0 : Standard clock mode 
bit 1 : High-speed clock mode 
ACK BIT ACK bit 0 : ACK is returned. 
1: ACK is not returned. 
ACK ACK clock bit 0 : No ACK clock 
1: ACK clock 


Note: At 400 kHz in the high-speed clock mode, the duty is as below. 
“0” period : “1” period = 3:2 
In the other cases, the duty is as below. 
“0” period : “1” period = 1: 1 


Fig. 2.11.38 I?Ci clock control register (i = 0, 1) 
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(5) 12Ci control register (i = 0, 1) 
The |?Ci control register controls the data communication format. 


Hi Bits 0 to 2: bit counter (BCO—BC2) 
These bits decide the number of bits for the next 1-byte data to be transmitted. An interrupt request 
signal occurs immediately after the number of bits specified with these bits are transmitted. 
When a START condition is received, these bits become “0002” and the address data is always trans- 
mitted and received in 8 bits. 
Note: When the bit counter value = “1112,” a STOP condition and START condition cannot be waited. 
i Bit 3: I2C-BUS interface i use enable bit (ESO) 
This bit enables usage of the multimaster I@C-BUS interface i. When this bit is set to “0,” the use 
disable status is provided, so the SDA and the SCL become high-impedance. When the bit is set to 
“1,” use of the interface is enabled. 
When ESO = “0,” the following is performed. 
+ PIN = “1,” BB = “0” and AL = “0” are set (they are bits of the I?Ci status register). 
+ Writing data to the |@Ci data shift register and the I@Ci transmit buffer register is disabled. 
Bit 4: data format selection bit (ALS) 
This bit decides whether or not to recognize slave addresses. When this bit is set to “O,” the address- 
ing format is selected, so that address data is recognized. When a match is found between a slave 
address and address data as a result of comparison or when a general call (refer to “(6) I@Ci status 
register,” bit 1) is received, transmission processing can be performed. When this bit is set to “1,” the 
free data format is selected, so that slave addresses are not recognized. 
@ Bit 5: addressing format selection bit (10BIT SAD) 
This bit selects a slave address specification format. When this bit is set to “0,” the 7-bit addressing 
format is selected. In this case, only the high-order 7 bits (slave address) of the I@Ci address register 
are compared with address data. When this bit is set to “1,” the 10-bit addressing format is selected, all 
the bits of the I?Ci address register are compared with address data. 
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[Ci control register (i = 0, 1) 


b7 b6 bS b4 b3 b2 bi b0 Symbol Address When reset 
lICOS1D 02E316 0016 
11C1S1D O2EBi6 0016 


Le) 


|=4200=3005g0 


Bit counter 
(Number of 
transmit/receive bits) 


an =) 


+40+0+0-0g 
AN ORMDRYO® 


b 
0) 
0 
0 
0 
1 
1 
1 
1 


1?C-BUS interface i use | 0 : Disabled 
enable bit 1: Enabled 
Data format selection 0 : Addressing format 
bit 1: Free data format 
10BIT SAD _ | Address format selection} 0 : 7-bit addressing format 
bit 1: 10-bit addressing format 


Nothing is assigned. 
In an attempt to write to these bits, write “O.” 
The value, if read, turns out to be “0.” 


Fig. 2.11.39 I?Ci control register (i = 0, 1) 
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(6) I2Ci status register (i = 0, 1) 
The |@Ci status register controls the I2C-BUS interface i status. Bits 0 to 3, 5 are read-only bits and bits 
4, 6, 7 can be read out and written to. 


@ Bit 0: last receive bit (LRB) 
This bit stores the last bit value of received data and can also be used for ACK receive confirmation. If 
ACK is returned when an ACK clock occurs, the LRB bit is set to “0.” If ACK is not returned, this bit is 
set to “1.” Except in the ACK mode, the last bit value of received data is input. The state of this bit is 
changed from “1” to “0” by executing a write instruction to the I@Ci data shift register or the I?Ci transmit 
buffer register. 
@ Bit 1: general call detecting flag (ADO) 
This bit is set to “1” when a general call* whose address data is all “0” is received in the slave mode. 
By a general call of the master device, every slave device receives control data after the general call. 
The ADO bit is set to “O” by detecting the STOP condition or START condition. 
*General call: The master transmits the general call address “0016” to all slaves. 
@ Bit 2: slave address comparison flag (AAS) 
This flag indicates a comparison result of address data. 
<<in the slave receive mode, when the 7-bit addressing format is selected, this bit is set to “1” in one 
of the following conditions.>> 
¢ The address data immediately after occurrence of a START condition matches the slave address 
stored in the high-order 7 bits of the I@Ci address register. 
¢ A general call is received. 
<<In the slave reception mode, when the 10-bit addressing format is selected, this bit is set to “1” with 
the following condition.>> 
* When the address data is compared with the I@Ci address register (8 bits consists of slave address 
and RBW), the first bytes match. 
<<The state of this bit is changed from “1” to “0” by executing a write instruction to the I@Ci data shift 
register or the ICi transmit buffer register.>> 
@ Bit 3: arbitration lost* detecting flag (AL) 
n the master transmission mode, when a device other than the microcomputer sets the SDA to “L,”, 
arbitration is judged to have been lost, so that this bit is set to “1.” At the same time, the TRX bit is set 
to “O,” so that immediately after transmission of the byte whose arbitration was lost is completed, the 
MST bit is set to “O.” When arbitration is lost during slave address transmission, the TRX bit is set to “0” 
and the reception mode is set. Consequently, it becomes possible to receive and recognize its own 
slave address transmitted by another master device. 
*Arbitration lost: The status in which communication as a master is disabled. 
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@ Bit 4: I2C-BUS interface i interrupt request bit (PIN) 
This bit generates an interrupt request signal. Each time 1-byte data is transmitted, the state of the 
PIN bit changes from “1” to “0.” At the same time, an interrupt request signal is sent to the CPU. The 
PIN bit is set to “O” in synchronization with a falling edge of the last clock (including the ACK clock) of 
an internal clock and an interrupt request signal occurs in synchronization with a falling edge of the 
PIN bit. When detecting the STOP condition in slave, the multi-master I2C-BUS interface interrupt 
request bit (IR) is set to “1” (interrupt requested) regardless of falling of PIN bit. When the PIN bit is “O,” 
the SCL is kept in the “O” state and clock generation is disabled. Figure 2.11.41 shows an interrupt 
request signal generating timing chart. 
The PIN bit is set to “1” in any one of the following conditions. 
¢ Writing “1” to the PIN bit 
+ Executing a write instruction to the |?Ci data shift register or the I@Ci transmit buffer register (See note). 
¢ When the ESO bit is “O” 
At reset 
Note : It takes 8 BCLK cycles or more until PIN bit becomes “1” after write instructions are executed 
to these registers. 
The conditions in which the PIN bit is set to “O” are shown below: 
¢ Immediately after completion of 1-byte data transmission (including when arbitration lost is detected) 
¢ Immediately after completion of 1-byte data reception 
¢ In the slave reception mode, with ALS = “0” and immediately after completion of slave address or 
general call address reception 
«In the slave reception mode, with ALS = “1” and immediately after completion of address data reception 
@ Bit 5: bus busy flag (BB) 
This bit indicates the status of use of the bus system. When this bit is set to “0,” this bus system is not 
busy and a START condition can be generated. When this bit is set to “1,” this bus system is busy and 
the occurrence of aSTART condition is disabled by the START condition duplication prevention func- 
tion (See note). 
This flag can be written by software only in the master transmission mode. In the other modes, this bit is 
set to “1” by detecting a START condition and set to “0” by detecting a STOP condition. When the ESO bit 
of the I?Ci control register is “O” and at reset, the BB flag is kept in the “O” state. 
# Bit 6: communication mode specification bit (transfer direction specification bit: TRX) 
This bit decides the direction of transfer for data communication. When this bit is “O,” the reception 
mode is selected and the data of a transmitting device is received. When the bit is “1,” the transmission 
mode is selected and address data and control data are output into the SDA in synchronization with 
the clock generated on the SCL. 
When the ALS bit of the |@Ci control register is “O” in the slave reception mode is selected, the TRX bit 
is set to “1” (transmit) if the least significant bit (R/W bit) of the address data transmitted by the master 
is “1.” When the ALS bit is “0” and the R/W bit is “0,” the TRX bit is cleared to “0” (receive). 
The TRX bit is cleared to “O” in one of the following conditions. 
¢ When arbitration lost is detected. 
¢ When a STOP condition is detected. 
¢ When occurence of a START condition is disabled by the START condition duplication prevention 
function (Note). 
¢ With MST = “0” and when a START condition is detected. 
¢ With MST = “0” and when ACK non-return is detected. 
¢ At reset 
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@ Bit 7: Communication mode specification bit (master/slave specification bit: MST) 

This bit is used for master/slave specification for data communication. When this bit is “O,” the slave is 
specified, so that a START condition and a STOP condition generated by the master are received, 
and data communication is performed in synchronization with the clock generated by the master. 
When this bit is “1,” the master is specified and a START condition and a STOP condition are gener- 
ated, and also the clocks required for data communication are generated on the SCL. 
The MST bit is cleared to “O” in one of the following conditions. 

¢ Immediately after completion of 1-byte data transmission when arbitration lost is detected 

* When a STOP condition is detected. 

«When occurence of a START condition is disabled by the START condition duplication preventing 

function (See note). 
* At reset 


Note: The START condition duplication prevention function disables the following: the START condi- 
tion generation; bit counter reset, and SCL output with the generation. This bit is valid from 
setting of BB flag to the completion of 1-byte transmittion/reception (occurrence of transmission/ 
reception interrupt request) <IICIRQ>. 


l?Ci status register (i = 0, 1) 
b7 b6 b5 b4 b3 b2 b1 bO 


Symbol Address When reset 
lICos1 02E216 000100072 
lIC1S1 O2EA16 000100072 


' LRB Last receive bit 0 : Last bit = “0” 
t 1 : Last bit = “1” (See note 1) 
t S ADO General call detecting | 0 : No general call detected 
flag (See note) 1: General call detected (See note 1) 
Slave address comparison | 0 : Address mismatch 
flag (See note) 1 : Address match (See note 1) 


Arbitration lost detecting] 0 : Not detected OR 

flag (See note) 1 : Detected (See note 1) 

I?C-BUS interface i 0 : Interrupt request issued 3: 

interrupt request bit 1 : No interrupt request issued (See note 2) 

Bus busy flag 0 : Bus free o x 
1: Bus busy (See note 1) 


Communication mode | b7b6 

specification bits 0 0: Slave receive mode 
0 1: Slave transmit mode 
1 0: Master receive mode 
1 1: Master transmit mode 


Notes 1: These bits and flags can be read out, but cannot be written. 
2: This bit can be written only “1.” 


Fig. 2.11.40 |?Ci status register (i = 0, 1) 


IICIRQ 


Fig. 2.11.41 Interrupt request signal generation timing 
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(7) START condition generation method 
When the ESO bit of the I2Ci control register is “1,” execute a write instruction to the I?Ci status register 
to set the MST, TRX and BB bits to “1.” A START condition will then be generated. After that, the bit 
counter becomes “0002” and an SCL for 1 byte is output. The START condition generation timing and 
BB bit set timing are different in the standard clock mode and the high-speed clock mode. Refer to 
Figure 2.11.42 for the START condition generation timing diagram, and Table 2.11.13 for the START 
condition/STOP condition generation timing table. 


I2Ci status register write signal UPJ 


SCL ___I~ Setup 4 4,,., ~——_ 
r~~ time ~ 


-+-Hold time-, 
SDA 
‘Set time for: 


BBflag 8B fag p 


Fig. 2.11.42 START condition generation timing diagram 


(8) STOP condition generation method 
When the ESO bit of the I2Ci control register is “1,” execute a write instruction to the I?Ci status register 
for setting the MST bit and the TRX bit to “1” and the BB bit to “0”. A STOP condition will then be 
generated. The STOP condition generation timing and the BB flag reset timing are different in the 
standard clock mode and the high-speed clock mode. Refer to Figure 2.11.43 for the STOP condition 
generation timing diagram, and Table 2.11.13 for the START condition/STOP condition generation 
timing table. 


l2Ci status register write signal n 
SOL soz. fean ae 
7 Setup. . --Hold time - 
SDA —Li_____fResetimeT FF 


BB flag 


Fig. 2.11.43 STOP condition generation timing diagram 


Table 2.11.13 START condition/STOP condition generation timing table 
Item Standard Clock Mode High-speed Clock Mode 
Setup time 5.35 us (53.5 cycles) 1.85 us (18.5 cycles) 
Hold time 4.9 us (49 cycles) 2.4 us (24 cycles) 


132 


Set/reset time for BB flag 3.75 us (37.5 cycles) 0.85 us (8.5 cycles) 


Note: Absolute time at BCLK = 10 MHz. The value in parentheses denotes the number of BCLK cycles. 
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(9) START/STOP condition detect conditions 
The START/STOP condition detect conditions are shown in Figure 2.11.44 and Table 2.11.14. Only 
when the 3 conditions of Table 2.11.14 are satisfied, a START/STOP condition can be detected. 


Note: When a STOP condition is detected in the slave mode (MST = 0), an interrupt request signal 
<IICIRQ> is generated to the CPU. 


(START Condit yoo 
conaition ; 
oz Spl '--Hold time -- 


SDA a nn, 
(STOP condition) 


Fig. 2.11.44 START condition/STOP condition detect timing diagram 


Table 2.11.14 START condition/STOP condition detect conditions 
Standard Clock Mode High-speed Clock Mode 
6.5 us (65 cycles) < SCL release time 1.0 us (10 cycles) < SCL release time 
3.25 us (32.5 cycles) < Setup time 0.5 us (5 cycles) < Setup time 
3.25 us (32.5 cycles) < Hold time 0.5 us (5 cycles) < Hold time 
Note: Absolute time at BCLK = 10 MHz. The value in parentheses denotes the number of BCLK cycles. 
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(10) Address data communication 
There are two address data communication formats, namely, 7-bit addressing format and 10-bit ad- 
dressing format. The respective address communication formats is described below. 


@ 7-bit addressing format 
To meet the 7-bit addressing format, set the 10BIT SAD bit of the I2Ci control register to “0.” The first 
7-bit address data transmitted from the master is compared with the high-order 7-bit slave address 
stored in the |@Ci address register. At the time of this comparison, address comparison of the RBW bit 
of the I?Ci address register is not made. For the data transmission format when the 7-bit addressing 
format is selected, refer to Figure 2.11.45, (1) and (2). 
@ 10-bit addressing format 

To meet the 10-bit addressing format, set the 10BIT SAD bit of the |?Ci control register to “1.” An 
address comparison is made between the first-byte address data transmitted from the master and the 
7-bit slave address stored in the I@Ci address register. At the time of this comparison, an address 
comparison between the RBW bit of the I@Ci address register and the R/W bit which is the last bit of 
the address data transmitted from the master is made. In the 10-bit addressing mode, the R/W bit 
which is the last bit of the address data not only specifies the direction of communication for control 
data but also is processed as an address data bit. 

When the first-byte address data matches the slave address, the AAS bit of the I?Ci status register is 
set to “1.” After the second-byte address data is stored into the I2Ci data shift register, make an 
address comparison between the second-byte data and the slave address by software. When the 
address data of the 2nd bytes matches the slave address, set the RBW bit of the I2Ci address register 
to “1” by software. This processing can match the 7-bit slave address and R/W data, which are re- 
ceived after a RESTART condition is detected, with the value of the I?Ci address register. For the data 
transmission format when the 10-bit addressing format is selected, refer to Figure 2.11.45, (3) and (4). 
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(11) Example of Master Transmission 

An example of master transmission in the standard clock mode, at the SCL frequency of 100 kHz and 

in the ACK return mode is shown below. 

® Set a slave address in the high-order 7 bits of the I?Ci address register and “0” in the RBW bit. 

® Set the ACK return mode and SCL = 100 kHz by setting “8516” in the I@Ci clock control register. 

® Set “1016” in the I@Ci status register and hold the SCL at the HIGH. 

® Set a communication enable status by setting “0816” in the I?Ci control register. 

® Set the address data of the destination of transmission in the high-order 7 bits of the I?Ci data shift 
register and set “O” in the least significant bit. 

© Set “F016” in the I2Ci status register to generate a START condition. At this time, an SCL for 1 byte 
and an ACK clock automatically occurs. 

@ Set transmit data in the I?Ci data shift register. At this time, an SCL and an ACK clock automatically 
occurs. 

When transmitting control data of more than 1 byte, repeat step ©. 

© Set “D016” in the I@Ci status register. After this, if ACK is not returned or transmission ends, a STOP 
condition will be generated. 


(12) Example of Slave Reception 
An example of slave reception in the high-speed clock mode, at the SCL frequency of 400 kHz, in the 
ACK non-return mode, using the addressing format, is shown below. 
® Set a slave address in the high-order 7 bits of the I?Ci address register and “0” in the RBW bit. 
® Set the no ACK clock mode and SCL = 400 kHz by setting “2516” in the I?Ci clock control register. 
® Set “1016” in the |@Ci status register and hold the SCL at the HIGH. 
® Set a communication enable status by setting “0816” in the I?Ci control register. 
© When a START condition is received, an address comparison is made. 
© 
eWhen all transmitted address are“0” (general call): 
ADO of the ICi status register is set to “1”and an interrupt request signal occurs. 
eWhen the transmitted addresses match the address set in ©: 
ASS of the I?Ci status register is set to “1” and an interrupt request signal occurs. 
eln the cases other than the above: 
ADO and AAS of the |?Ci status register are set to “0” and no interrupt request signal occurs. 
@ Set dummy data in the I?Ci data shift register. 
When receiving control data of more than 1 byte, repeat step @. 
@ When a STOP condition is detected, the communication ends. 
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S |Slave address |R/W| A Data A Data | AA 


7 bits “Oo” 1 to 8 bits 1 to 8 bits 
(1) A master-transmitter transmits data to a slave-receiver 


S |Slave address | R/W| A Data A Data 


7 bits fly 1 to 8 bits 1 to 8 bits 
(2) A master-receiver receives data from a slave-transmitter 


Slave address Slave address 
S |4st7 bits RI) A | ond byte A | Data | A | Data | AA 


7 bits “o” 8 bits 1 to 8 bits 1 to 8 bits 
(3) A master-transmitter transmits data to a slave-receiver with a 10-bit address 


Ss Slave address Rwl| A Slave address | Sr Slave address | piqy Data Data 


1st 7 bits 2nd byte 1st 7 bits 


7 bits “oO” 8 bits 7 bi 


its “1” 1 to 8 bits 1 to 8 bits 
(4) A master-receiver receives data from a slave-transmitter with a 10-bit address 


S : START condition P : STOP condition From master to slave 
A : ACK bit R/W : Read/Write bit From slave to master 
Sr : Restart condition 


Fig. 2.11.45 Address data communication format 


(13) Precautions when using multi-master I2C-BUS interface i 


@ BCLK operation mode 
Select the no-division mode and set the main clock frequency to f(XIN) = 10 MHz. 
Used instructions 
Specify byte (.B) as data size to access multi-master I2@C-BUS interface i-related registers. 
@ Read-modify-write instruction 
The precautions when the read-modify-write instruction such as BSET, BCLR etc. is executed for 
each register of the multi-master I2@C-BUS interface are described below. 
+I2Ci data shift register (IICiSO) 
When executing the read-modify-write instruction for this register during transfer, data may 
become a value not intended. 
«l2Ci address register (IICiSOD) 
When the read-modify-write instruction is executed for this register at detecting the STOP con- 
dition, data may become a value not intended. It is because hardware changes the read/write 
bit (RBW) at the above timing. 
+I2Ci status register (IICiS1) 
Do not execute the read-modify-write instruction for this register because all bits of this register 
are changed by hardware. 
*l2Ci control register (IICiS1D) 
When the read-modify-write instruction is executed for this register at detecting the START 
condition or at completing the byte transfer, data may become a value not intended. Because 
hardware changes the bit counter (BCO—BC2) at the above timing. 
*l2Ci clock control register (IICiS2) 
The read-modify-write instruction can be executed for this register. 
+l2Ci port selection register (IICiS2D) 
Since the read value of high-order 4 bits is indeterminate, the read-modify-write instruction 
cannot be used. 
+l2Ci transmit buffer register (IICiSOS) 
Since the value of all bits is indeterminate, the read-modify-write instruction cannot be used. 
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& START condition generating procedure using multi-master 


FCLR | (Interrupt disabled) 


BTST 5, IICiSt (BB flag confirming and branch process) =) 

JC BUSBUSY 
BUSFREE: 

MOV.B SA, IICiSO (Writing of slave address value <SA>) —— 

NOP 

NOP me ile 
MOV.B #FOH, IICiS1 (Trigger of START condition generating) —— 

FSET | (Interrupt enabled) = +, 
BUSBUSY: 


FSETI (Interrupt enabled) 


@® Be sure to add NOP instruction X 2 between writing the slave address value and setting trigger of 
START condition generating shown the above procedure example. 

@ When using multi-master system, disable interrupts during the following three process steps: 
¢ BB flag confirming 
¢ Writing of slave address value 
* Trigger of START condition generating 
When the condition of the BB flag is bus busy, enable interrupts immediately. 
When using single-master system, it is not necessary to disable interrupts above. 

@ RESTART condition generating procedure 


MOV.B SA, IICiISOS (Writing of slave address value <SA>) 


® 
NOP 
NOP 


MOV.B #FOH, IICiS1 (Trigger of RESTART condition generating) 


® Use the I@Ci transmit buffer register to write the slave address value to the |@Ci data shift register. 
And also, be sure to add NOP instruction X 2. 

H Writing to I?Ci status register 
Do not execute an instruction to set the PIN bit to “1” from “0” and an instruction to set the MST and 
TRX bits to “O” from “1” simultaneously. It is because it may enter the state that the SCL pin is released 
and the SDA pin is released after about one machine cycle. Do not execute an instruction to set the 
MST and TRX bits to “O” from “1” simultaneously when the PIN bit is “1.” It is because it may become 
the same as above. 

@ Process of after STOP condition generating 
Do not write data in the I@Ci data shift register (IICiSO) and the I@Ci status register (IICiS1) until the bus 
busy flag BB becomes “0” after generating the STOP condition in the master mode. It is because the 
STOP condition waveform might not be normally generated. Reading to the above registers do not have 
the problem. 
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2.12 A-D Converter 
The A-D converter consists of one 8-bit successive approximation A-D converter circuit with a capacitive 
coupling amplifier. Pins P36, P37, P40-P43 also function as the analog signal input pins. The direction 
registers of these pins for A-D conversion must therefore be set to input. The Vref connect bit (bit 5 at 
address 03D716) can be used to isolate the resistance ladder of the A-D converter from the reference 
voltage (VREF) when the A-D converter is not used. Doing so stops any current flowing into the resistance 
ladder from VREF, reducing the power dissipation. When using the A-D converter, start A-D conversion only 
after setting bit 5 of 038D716 to connect VREF. 
The result of A-D conversion is stored in the A-D registers of the selected pins. 
Table 2.12.1 shows the performance of the A-D converter. Figure 2.12.1 shows the block diagram of the A- 
D converter, and Figures 2.12.2 to 2.12.5 show the A-D converter-related registers. 


Table 2.12.1 Performance of A-D converter 


Item Performance 


Method of A-D conversion| Successive approximation (capacitive coupling amplifier) 


Analog input voltage (Note 1)) OV to AVcc (Vcc) 
Operating clock oAD (Note 2)| fAD/divide-by-2 of fAD/divide-by-4 of fAD, fAD=f(XIN) 


Resolution 8-bit 
Absolute precision Vcc =5V_~ + Without sample and hold function: +5 LSB 
« With sample and hold function: +5 LSB 
Operating modes One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0, 
and repeat sweep mode 1 
Analog input pins 6 pins (ANo to AN5) 


A-D conversion start condition | * Software trigger 
A-D conversion starts when the A-D conversion start flag changes to “1” 
Conversion speed per pin | * Without sample and hold function 
49 oAD cycles 
¢ With sample and hold function 
28 AD cycles 


Notes 1: Does not depend on use of sample and hold function. 
2: Divide the frequency if f(XIN) exceeds 10 MHz, and make AD frequency equal to 10 MHz. Without 
sample and hold function, set the oAD frequency to 250kHz min. 
With the sample and hold function, set the AD frequency to 1MHz min. 
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CKS1=1 


CKS0=1_ So oAD 


cksi-o A-D conversion rate 
CSO 0 selection 


(Vcc) VREF 


VCUT=0 Resistor ladder 


“oe TTL 


Successive conversion register 
A-D control register 1 (address 03D7 16) 


A-D control register 0 (address 03D6 16) 


Addresses | | | 


03C416) 
03C616) 
03C816) 
03CA 16) 
03CC16) A-D register 4 


03CE 16) A-D register 5(8 
| | VIN Comparator 


Decoder 


wwwwwe' 


Data bus high-ord 


Data bus low-order 


CH2,CH1,CHO=010 


CH2,CH1,CHO=011 


CH2,CH1,CHO=100 


CH2,CH1,CHO=101 


CH2,CH1,CHO=110 


CH2,CH1,CHO=111 


Figure 2.12.1 Block diagram of A-D converter 
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A-D control register 0 (Note 1) 


b7 b6 b5 b4 b3 b2 bit b0 


Symbol 


Bit symbol 


ADCONO 


Address 
03D616 


Analog input pin select bit 


A-D operation mode 


select bit 0 


Reserved bit 


A-D conversion start flag 
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When reset 
00000???2 


: Do not set 

: Do not set 

: ANo is selected 
: AN1 is selected 
: AN2 is selected 
: ANS is selected 
: AN4 is selected 
: AN5 is selected 


: One-shot mode 

: Repeat mode 

: Single sweep mode 

: Repeat sweep mode 0 
Repeat sweep mode 1 


Must always be set to “O” 


- A-D conversion disabled 
: A-D conversion started 


(Note 2) 


Frequency select bit 0 


indeterminate. 
2: When changing A-D operation mode, set analog input pin again. 


Figure 2.12.2 A-D control register 0 


A-D control register 1 (Note) 


b7 b6 bS b4 b3 b2 bi b0 


mbol 
ADCON1 


Address 
03D716 


0 : faD/4 is selected 
1: faD/2 is selected 


Notes 1: If the A-D control register is rewritten during A-D conversion, the conversion result is 


When reset 
0016 


a i tof o¢ 4 +] Bit symbol Bit name Function 


A-D sweep pin select bit 


: |  SCANO 


A-D operation mode 


select bit 1 


Reserved bit 


When single sweep and repeat sweep 
mode 0 are selected 

b1 bo 

00: Do not set 

01: ANo and AN1 (2 pins) 

10: ANo to ANs (4 pins) 

1 1: ANo to ANs (6 pins) 


When repeat sweep mode 1 is selected 
b1 bo 
0 0: Do not set 
0 1: Do not set 
10: ANo (1 pin) 
11: ANo and AN1 (2 pins) 
0 : Any mode other than repeat sweep 
mode 1 
1 : Repeat sweep mode 1 


Most always be set to “O” 


Frequency select bit 1 


0 : faD/2 or fAD/4 is selected 
1: fAD is selected 


aa eo SCAN1 


Vref connect bit 


* Reserved bits 


0: Vref not connected 
1 : Vref connected 


Most always be set to “0” 


Note: If the A-D control register is rewritten during A-D conversion, the conversion result is 
indeterminate. 


Figure 2.12.3 A-D control register 1 
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A-D control register 2 (Note) 


b7 b6 b5 b4 b3 b2 b1_ b0 Symbol Address When reset 


XXX XI] 00/0] | ADCON2 03D416 0000??702 


 [Bitsymbol 
a SMP A-D conversion method 0 : Without sample and hold 
select bit 1 : With sample and hold 


Reserved bits Must always be set to “0” 


Nothing is assigned. 
In an attempt to write to these bits, write “O.” 
The value, if read, turns out to be “0.” 


Note: If the A-D control register is rewritten during A-D conversion, the conversion 
result is indeterminate. 


Figure 2.12.4 A-D control register 2 


A-D register i Symbol Address When reset 
ADi(i=0 to 5) 03C416, 03C616, 03C816 Indeterminate 
b7 b0 03CA16, 03CC16, O3CE16 Indeterminate 


[| 


...| Eight bits of A-D conversion result 


Figure 2.12.5 A-D register i (i = 0 to 5) 
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2.12.1 One-shot Mode 
In one-shot mode, the pin selected using the analog input pin select bit is used for one-shot A-D conver- 
sion. Table 2.12.2 shows the specifications of one-shot mode. Figures 2.12.6 and 2.12.7 show the A-D 
control register in one-shot mode. 


Table 2.12.2 One-shot mode specifications 


Function The pin selected by the analog input pin select bit is used for one A-D conversion 
Start condition Writing “1” to A-D conversion start flag 
Stop condition ¢ End of A-D conversion 


¢ Writing “O” to A-D conversion start flag 

Interrupt request generation timing | End of A-D conversion 

Input pin One of ANo to AN5, as selected 

Reading of result of A-D converter | Read A-D register corresponding to selected pin 
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A-D control register 0 (Note) 


b7 b6 b5 b4 b3 b2 bt bO Symbol Address When reset 


TT Jofofol | [ |] Abcone 03D616 000002772 
a 


: Do not set 


: Do not set 


: ANo is selected 
: AN1 is selected 
: AN2 is selected 


: AN3 is selected 
: AN4 is selected 
: AN5 is selected 


ps HMO al A-D operation mode 0 0 : One-shot mode 


MD1 select bit 0 


Reserved bit Must always be set to “0” “ee 
ADST A-D conversion start flag | 0: A-D conversion disabled 
1: A-D conversion started 


CKSO Frequency select bit 0 0: faD/4 is selected 
1: faD/2 is selected 
Notes 1: If the A-D control register is rewritten during A-D conversion, the conversion 
result is indeterminate. 
2: When changing A-D operation mode, it is necessary to set analog input pins 
again. 


Figure 2.12.6 A-D control register 0 in one-shot mode 


A-D control register 1 (Note) 


b7_b6 b5 b4 63 b2 bi Symbol Address When reset 


lel Tolol ADCONT osp716 008 


A-D sweep pin Invalid in one-shot mode 
select bit 


MD2 A-D operation mode 0: Any mode other than repeat sweep 
select bit 1 mode 1 
Reserved bit Must always be set to “O” [00 
CKS1 Frequency select bit1 0 fAD/2 or fan/4 is selected 
1 : fAD is selected 
VCUT Vref connect bit 1 : Vref connected loio 


Reserved bits Must always be set to “O” joo 


Note: If the A-D control register is rewritten during A-D conversion, the conversion 
result is indeterminate. 


Figure 2.12.7 A-D control register 1 in one-shot mode 
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2.12.2 Repeat Mode 


In repeat mode, the pin selected using the analog input pin select bit is used for repeated A-D conversion. 
Table 2.12.3 shows the specifications of repeat mode. Figures 2.12.8 and 2.12.9 show the A-D control 
register in repeat mode. 


Table 2.12.3 Repeat mode specifications 


Item Specification 
Function The pin selected by the analog input pin select bit is used for repeated A-D conversion 
Star condition Writing “1” to A-D conversion start flag 
Stop condition Writing “O” to A-D conversion start flag 
Interrupt request generation timing | None generated 
Input pin One of ANo to AN5, as selected 
Reading of result of A-D converter | Read A-D register corresponding to selected pin 
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A-D control register 0 (Note) 


b7 b6 b5 b4 b3 b2 bt bd 
FT Tole L LT] abcono ‘ca0618 000002722 


Analog input pin 


select bit DO else! 


: Do not set 

: ANo is selected 
: AN1 is selected 
: AN2 is selected 


: AN3 is selected 
CH2 : AN4 is selected 
: AN5 is selected 
MDO A-D operation mode ie ee) 
vor select bit 0 01: Repeat mode (Note 2) ei) 


Reserved bit Must always be set to “0” 
ADST A-D conversion start flag | 0 : A-D conversion disabled 
1: A-D conversion started 
CKSO ‘| Frequency select bit 0 0 : fan/4 is selected 
1: faD/2 is selected 
Notes 1: If the A-D control register is rewritten during A-D conversion, the conversion 
result is indeterminate. 


2: When changing A-D operation mode, it is necessary to set analog input pins 
again. 


Figure 2.12.8 A-D conversion register 0 in repeat mode 


A-D control register 1 (Note) 


b7 b6 b5 b4 b3 b2 bi b0 


lols] Tofol T]  abcon: osDrs 0018 


| [Bitembot[__Bitname [_____Funefion————«dIN 


eee A-D sweep pin Invalid in repeat mode 


select bit 


Mb2 A-D operation mode 0 : Any mode other than repeat sweep mode 1 
select bit 1 
Reserved bit Most always be set to “0” joo] 


CKS1 Frequency select bit 1 O : faD/2 or faD/4 is selected 
1: fAD is selected 
VCUT Vref connect bit 1: Vref connected loio 


Reserved bits Most always be set to “O” O0 


Note: If the A-D control register is rewritten during A-D conversion, the conversion 
result is indeterminate. 


Figure 2.12.9 A-D conversion register 1 in repeat mode 
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2.12.3 Single Sweep Mode 
In single sweep mode, the pins selected using the A-D sweep pin select bit are used for one-by-one A-D 
conversion. Table 2.12.4 shows the specifications of single sweep mode. Figures 2.12.10 and 2.12.11 
show the A-D control register in single sweep mode. 


Table 2.12.4 Single sweep mode specifications 


Function The pins selected by the A-D sweep pin select bit are used for one-by-one A-D conversion 
Start condition Writing “1” to A-D converter start flag 
Stop condition ¢ End of A-D conversion 


¢ Writing “O” to A-D conversion start flag 

Interrupt request generation timing | End of A-D conversion 

Input pin ANo and AN1 (2 pins), ANo to ANs (4 pins), ANo to AN5s (6 pins) 
Reading of result of A-D converter | Read A-D register corresponding to selected pin 
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A-D control register 0 (Note) 


BE BO BS SBS Be Symbol Address — When reset 


[| foftfo] | [ ] ~ ancono 03D616 000002772 


Analog input pin Invalid in single sweep mode 
select bit 


b4 b3 


A-D operation mode 10: Single sweep mode 


select bit 0 


Reserved bit Must always be set to “0” O10] 
A-D conversion start flag | 0: A-D conversion disabled 

ADST : 
1: A-D conversion started 

CKSO Frequency select bit 0 0 : faD/4 is selected 
1: fAD/2 is selected 

Note: If the A-D control register is rewritten during A-D conversion, the conversion result 
is indeterminate. 


Figure 2.12.10 A-D control register 0 in single sweep mode 


A-D control register 1 (Note 1) 


aa lea lua oa oa Symbol Address When reset 
fel ielal ADCON1 03D716 0016 
3 


A-D sweep pin select bit | When single sweep and repeat sweep mode 0 eo] 


are selected 
b1 bO 


00: Do not set 
0 1: ANo and AN1 (2 pins) 
: ANo to ANs (4 ah 

: ANo to ANs (6 pins) 


A-D operation mode 0: x mode other than repeat sweep mode 1 
select bit 1 


Reserved bit Must always be set to “0” 0.0] 


CKS1 Frequency select bit 1 O : faD/2 or fAD/4 is selected 
1: faD is selected 


VCUT Vref connect bit 1: Vref connected |O'0| 


Reserved bits Must always be set to “O” joo 


Note: If the A-D control register is rewritten during A-D conversion, the conversion result 
is indeterminate. 


Figure 2.12.11 A-D control register 1 in single sweep mode 
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2.12.4 Repeat Sweep Mode 0 
In repeat sweep mode 0, the pins selected using the A-D sweep pin select bit are used for repeat sweep 
A-D conversion. Table 2.12.5 shows the specifications of repeat sweep mode 0. Figures 2.12.12 and 
2.12.13 show the A-D control register in repeat sweep mode 0. 


Table 2.12.5 Repeat sweep mode 0 specifications 


Item Specification 
Function The pins selected by the A-D sweep pin select bit are used for repeat sweep A-D conversion 
Start condition Writing “1” to A-D conversion start flag 
Stop condition Writing “O” to A-D conversion start flag 
Interrupt request generation timing | None generated 
Input pin ANo and AN1 (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins) 
Reading of result of A-D converter | Read A-D register corresponding to selected pin (at any time) 
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A-D control register 0 (Note) 


b7 bE bh 83 be bt 0 Symbol Address — When reset 


| foftfa] | |] apcono 03D616 000007772 
i i EE t | | [piveymbor[Bitname | _Funetion =I 


{cH | Analog input pin Invalid in repeat sweep mode 0 
select bit 
CH1 


b4 b3 


BD speraignmede 1 1: Repeat sweep mode 0 


select bit 0 


Reserved bit Must always be set to “0” 0.0] 
A-D conversion start flag | 0: A-D conversion disabled 
ADST : 
1: A-D conversion started 
Frequency select bit 0 0 : faD/4 is selected 
CKSO : i 
1: faD/2 is selected 
Note: If the A-D control register is rewritten during A-D conversion, the conversion result 
is indeterminate. 


Figure 2.12.12 A-D control register 0 in repeat sweep mode 0 


A-D control register 1 (Note) 


b7 b6 b5 b4 b3 b2 bi b0 
fools] fool TJ abcon capris O08 
ie ae ee Function 


When single sweep and repeat sweep mode 0 


are selected 
b1 bO 


00: Do not set 

0 1: ANo and ANi (2 pins) 
10: ANo to AN (4 pins) 
11: ANo to ANs (6 pins) 


A-D operation mode 0 : Any mode other than repeat sweep mode 1 
select bit 1 
Reserved bit Must always be set to “0” 0.0] 
CKS1 Frequency select bit 1 0 : fAD/2 or fAD/4 is selected 
1: faD is selected 


VCUT Vref connect bit 1: Vref connected lO] 


Reserved bits Must always be set to “0” 09) 


Note: If the A-D control register is rewritten during A-D conversion, the conversion result 
is indeterminate. 


Figure 2.12.13 A-D control register 1 in repeat sweep mode 0 
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2.12.5 Repeat Sweep Mode 1 


In repeat sweep mode 1, all pins are used for A-D conversion with emphasis on the pin or pins selected 
using the A-D sweep pin select bit. Table 2.12.6 shows the specifications of repeat sweep mode 1. 


Figures 2.12.14 and 2.12.15 show the A-D control register in repeat sweep mode 1. 


Table 2.12.6 Repeat sweep mode 1 specifications 


Item Specification 


Function All pins perform repeat sweep A-D conversion, with emphasis on the pin or 
pins selected by the A-D sweep pin select bit 
Example : ANo selected ANo— ANi— ANo > AN2— ANo — AN3, etc 


Start condition Writing “1” to A-D conversion start flag 


Stop condition Writing “O” to A-D conversion start flag 


Interrupt request generation timing | None generated 


Input pin ANo (1 pin), ANo and AN1 (2 pins) 


Reading of result of A-D converter | Read A-D register corresponding to selected pin (at any time) 


A-D control register 0 (Note) 


b7 b6 bS b4 b3 b2 bi b0 


| [ieymbot[__Bitrame [Freon ——S—=diRW 


Analog input pin Invalid in repeat sweep mode 1 


| | fofata] | | | pecan ane ne pees : 


select bit 


A-D operation mode 1 oeepeakewaen nade lo'o| 
select bit 0 a P joo 


Reserved bit Must always be set to “0” 


ADST A-D conversion start flag | 0 : A-D conversion disabled 
1: A-D conversion started 
cKSO Frequency select bit 0 O : fap/4 is selected 
1: fAD/2 is selected 


Note: If the A-D control register is rewritten during A-D conversion, the conversion result 
is indeterminate. 


Figure 2.12.14 A-D control register 0 in repeat sweep mode 1 
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A-D control register 1 (Note) 


b7 b6 bS b4 b3 b2 bi b0 Snape Add Wh t 
fofo}s] fol+] |] abcons oaD716 «0016 
i Ei: i | ff piveymor > pitname[——~—~Sunetion ——SS~*~iRT 


A-D sweep pin select bit | When repeat sweep mode 1 is selected 09] 
b1 bO 
00: Do not set 
0 1: Do not set 
10: ANo (1 pin) 
1 1:ANo and AN1 (2 pins) 


A-D operation mode : Repeat sweep mode 1 
select bit 1 


Reserved bit Must always be set to “O” 


CKS1 Frequency select bit 1 0 : faD/2 or faD/4 is selected 
1: fAD is selected 


VCUT Vref connect bit 1: Vref connected [0:0] 


Reserved bits Must always be set to “O” O° 


Note : If the A-D control register is rewritten during A-D conversion, the conversion result 
is indeterminate. 


Figure 2.12.15 A-D control register 1 in repeat sweep mode 1 
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2.12.6 Sample and Hold 
Sample and hold is selected by setting bit O of the A-D control register 2 (address 03D416) to “1”. When 
sample and hold is selected, the rate of conversion of each pin increases. As a result, a 28 oAD cycle is 
achieved. Sample and hold can be selected in all modes. However, in all modes, be sure to specify before 
starting A-D conversion whether sample and hold is to be used. 
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2.13 D-A Converter 
This is an 8-bit, R-2R type D-A converter. The microcomputer contains two independent D-A converters of 
this type. 
D-A conversion is performed when a value is written to the corresponding D-A register. Bits 0 and 1 (D-A 
output enable bits) of the D-A control register decide if the result of conversion is to be output. Do not set the 
target port to output mode if D-A conversion is to be performed. 
Output analog voltage (V) is determined by a set value (n : decimal) in the D-A register. 
V = VREF X n/ 256 (n = 0 to 255) 
VREF : reference voltage 
Table 2.13.1 lists the performance of the D-A converter. Figure 2.13.1 shows the block diagram of the D-A 
converter. Figure 2.13.2 shows the A-D control register, Figure 2.13.3 shows the D-A register and Figure 
2.13.4 shows the D-A converter equivalent circuit. 


Table 2.13.1 Performance of D-A converter 


Item Performance 


Conversion method R-2R method 
Resolution 8 bits 


Analog output pin 2 channels 


Data bus low-order bits 


D-A register0 (8) (Address 03D816) 


D-AO output enable bit 


R-2R resistor ladder O-O—() P9s/DAo 


D-A register1 (8) (Address 03DA16) 


D-A1 output enable bit 


R-2R resistor ladder O—QD) P94/DAt 


Figure 2.13.1 Block diagram of D-A converter 
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D-A control register 
b7_b6 bS b4 b3_b2 bt bd Symbol Address When reset 


a . F 0 : Output disabled 
a DAOE D-AO output enable bit 1 | Output enabled 


Nothing is assigned. 
In an attempt to write to these bits, write “0.” The value, if read, turns out to be “0.” 


DA1E D-A1 output enable bit 0 : Output disabled 
sl 1 : Output enabled 


Figure 2.13.2 D-A control register 


D-A register i (i = 0, 1) 
Symbol Address When reset 
“0 DAi(i=0,1)  03D816,03DA16 _ Indeterminate 


ro 


Output value of D-A conversion oo 


Figure 2.13.3 D-A register i (i = 0 and 1) 


D-AO output enable bit 


D-AO register0 


wee : oo ao % ‘4 


Voc(VREF) C) 


Note 1: The above diagram shows an instance in which the D-A register is assigned 2A16. 
2: The same circuit as this is also used for D-A1. 
3: To reduce the current consumption when the D-A converter is not used, set the D-A output enable bit to 0 and set the D-A register to 
0016 so that no current flows in the resistors Rs and 2Rs. 


Figure 2.13.4 D-A converter equivalent circuit 
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2.14 Data Slicer 

This microcomputer includes the data slicer function for the closed caption decoder (referred to as the 
CCD). This function takes out the caption data superimposed in the vertical blanking interval of a composite 
video signal. A composite video signal which makes the sync chip’s polarity negative is input to the CVIN 
pin. 

When the data slicer function is not used, the data slicer circuit and the timing signal generating circuit can 
be cut off by setting bit 0 of the data slicer control register 1 (address 026016) to “O.” These settings can 
realize the low-power dissipation. 


Note: When using the data slicer, set bit 7 of the peripheral mode register (address 027D16) according to 
the main clock frequency. 


Composite 
video 
signal 


Synchronizing 
signal counter 
Data slicer control register 2 
(address 026116) 


Low-pass Synchronizing A ; ; 


5 separation : - 
filter circuit Data slicer control register 1 


(address 026016) 
Timing signal TT e+ 
generating 


ates Vv 
circuit Data slicer ON/OFF 


Reference 
voltage 
generating Clock run-in 
circuit determination 
circuit 
Comparator Clock run-in detect 
Data slice line register 
specification (address 026916) 


circuit 


Start bit detecting Caption position register 
circuit (address 026616) 


4 
| External circuit 


Note : Make the length of wiring which is connected Data clock 
to VHoLp, HLF, and CVin pin as short as generating circuit 
possible so that a leakage current may not 
be generated when mounting a resistor or a 7 F 

Data clock position register 


capacitor on each pin. 
(address 026A16) 


16-bit shift register 
Data slicer 
Interrupt request 


ti ircuit interrupt 
generating circui request 


Caption data register 1 
(addresses 026316, 026216) 


Caption data register 2 
(addresses 026516, 026416) 


Figure 2.14.1 Data slicer block diagram 


Data bus 
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2.14.1 Notes when not Using Data Slicer 


When bit 0 of data slicer control register 1 (address 026016) is “0,” terminate the pins as shown in 
Figure 2.14.2 


<When data slicer circuit and timing signal generating circuit is in OFF state> 


Apply the same voltage as VCC to 
AVCC pin. 


Leave HLF pin open. 


Leave VHOLD pin open. 


Pull-up CVIN pin to Vcc through 
a resistor of 5 kQ or more. 


Figure 2.14.2 Termination of data slicer input/output pins when data slicer circuit and timing 
generating circuit is in OFF state 


When both bits 0 and 2 of data slicer control register 1 (address 026016) are “1,” terminate the pins as shown 
in Figure 2.14.3. 


<When using a reference clock generated in timing signal generating circuit as OSD clock> 


Apply the same voltage as Vcc to AVCCc pin. 


Connect the same external circuit as when 
using data slicer to HLF pin. 


1uF 


Leave VHOLD pin open. 


Pull-up CVIN to Vcc through a resistor 5 kQ or more 
of 5 kQ or more. 


Figure 2.14.3 Termination of data slicer input/output pins when timing signal generating circuit is 
in ON state 
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Figures 2.14.4 and 2.14.5 the data slicer control registers. 


Data slicer control register 1 
b7b6 b5b4.b3 b2b1 bO 


ofolololo] | 1 | Symbol Address When reset 
i DSC1 026016 0016 
/— [itsymba 
aa Data slicer and timing signal 0: Stopped 
tee DSC10 Saeed ; ; 
generating circuit control bit 1: Operating 
a Selection bit of data slice reference 0: F2 
DSC11 eae 
voltage generating field 1: F 1 


Dsc12 Reference clock source 0: Video signal 
selection bit 1: HSYNc signal 
Reserved bits Must always be set to “O” 
Definition of fields 1 (F1) and 2 (F2) 


F1: Hsep 


: Hsep 
ae 


Figure 2.14.4 Data slicer control register 1 


Data slicer control register 2 
b7 b6 bS b4 b3 b2 b1 bd 


BREA REG ‘Dsce Ge6tie 707029072 


Caption data latch 0: Data is not latched yet and a 
completion flag 1 clock-run-in is not determined. 
1: Data is latched and a 
clock-run-in is determined. 


e Reserved bit Must always be set to “0” |O:0] 
Test bit Read-only 


1:F 1 : 


DSc24 Vertical synchronous signal | 0: Method (1) 
(Vsep) generating method 1: Method (2) 
selection bit 
DSC25 V-pulse shape 0: Match O'!x 
determination flag 1: Mismatch 4 
Reserved bit Must always be set to “0” | O10] 
Test bit Read-only O'x 


Definition of fields 1 (F1) and 2 (F2) 


F1: Hsep 


Vsep 


F2: Hsep 
a 


Figure 2.14.5 Data slicer control register 2 
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2.14.2 Clamping Circuit and Low-pass Filter 
The clamp circuit clamps the sync chip part of the composite video signal input from the CVIN pin. The low- 
pass filter attenuates the noise of clamped composite video signal. The CVIN pin to which composite video 
signal is input requires a capacitor (0.1 mF) coupling outside. Pull down the CVIN pin with a resistor of 
hundreds of kiloohms to 1 MQ. In addition, we recommend to install externally a simple low-pass filter 
using a resistor and a capacitor at the CVIN pin (refer to Figure 2.14.1). 


2.14.3 Sync Slice Circuit 


This circuit takes out a composite sync signal from the output signal of the low-pass filter. 


2.14.4 Synchronous Signal Separation Circuit 


This circuit separates a horizontal synchronous signal and a vertical synchronous signal from the compos- 
ite sync signal taken out in the sync slice circuit. 
(1) Horizontal synchronous signal (Hsep) 

A one-shot horizontal synchronizing signal Hsep is generated at the falling edge of the composite sync 

signal. 

(2) Vertical synchronous signal (Vsep) 

As a Vsep signal generating method, it is possible to select one of the following 2 methods by using bit 

4 of the data slicer control register 2 (address 026116). 

*Method 1 The “L’” level width of the composite sync signal is measured. If this width exceeds a 
certain time, a Vsep signal is generated in synchronization with the rising of the timing 
signal immediately after this “L” level. 

«Method 2. The “L” level width of the composite sync signal is measured. If this width exceeds a 
certain time, it is detected whether a falling of the composite sync signal exits or not in the 
“L” level period of the timing signal immediately after this “L” level. If a falling exists, a Vsep 
signal is generated in synchronization with the rising of the timing signal (refer to Figure 
2.14.6). 

Figure 2.14.6 shows a Vsep generating timing. The timing signal shown in the figure is generated from the 
reference clock which the timing generating circuit outputs. 

Reading bit 5 of data slicer control register 2 permits determinating the shape of the V-pulse portion of the 
composite sync signal. As shown in Figure 2.14.7, when the A level matches the B level, this bit is “O.” In 
the case of a mismatch, the bit is “1.” 


Composite : | { | | | 


>< Measure “L” period 


Timing | | i | | | 
signal 


Vsep signal | 


A Vsep signal is generated at a rising of the timing signal 
immediately after the “L” level width of the composite 
sync signal exceeds a certain time. 


Figure 2.14.6 Vsep generating timing (method 2) 
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2.14.5 Timing Signal Generating Circuit 
This circuit generates a reference clock which is 832 times as large as the horizontal synchronous signal 
frequency. It also generates various timing signals on the basis of the reference clock, horizontal syn- 
chronous signal and vertical synchronizing signal. The circuit operates by setting bit O of data slicer 
control register 1 (address 026016) to “1.” 
The reference clock can be used as a display clock for OSD function in addition to the data slicer. The 
HSYNC signal can be used as a count source instead of the composite sync signal. However, when the 
HSYNC signal is selected, the data slicer cannot be used. A count source of the reference clock can be 
selected by bit 2 of data slicer control register 1 (address 026016). 
For the pins HLF, connect a resistor and a capacitor as shown in Figure 2.14.1 Make the length of wiring 
which is connected to these pins as short as possible so that a leakage current may not be generated. 


Note: It takes a few tens of milliseconds until the reference clock becomes stable after the data slicer and 
the timing signal generating circuit are started. In this period, various timing signals, Hsep signals 
and Vsep signals become unstable. For this reason, take stabilization time into consideration 
when programming. 


Bit 5 of DSC2 


Composite 


sync signal 


Figure 2.14.7 Determination of v-pulse waveform 
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2.14.6 Data Slice Line Specification Circuit 
(1) Specification of data slice line 

This circuit decides a line on which caption data is superimposed. The line 21 (fixed), 1 appropriate 
line for a period of 1 field (total 2 line for a period of 1 field), and both fields (F1 and F2) are sliced their 
data. The caption position register (address 026616) is used for each setting (refer to Table 2.14.1). 
The counter is reset at the falling edge of Vsep and is incremented by 1 every Hsep pulse. When the 
counter value matched the value specified by bits 4 to 0 of the caption position register, this Hsep is 
sliced. 
The values of “0016” to “1F 16” can be set in the caption position register (at setting only 1 appropriate 
line). Figure 2.14.8 shows the signals in the vertical blanking interval. Figure 2.14.9 shows the caption 
position register. 


(2) Specification of line to set slice voltage 
The reference voltage for slicing (slice voltage) is generated for the clock run-in pulse in the particular 
line (refer to Table 2.14.1). The field to generate slice voltage is specified by bit 1 of data slicer control 
register 1. The line to generate slice voltage 1 field is specified by bits 6, 7 of the caption position 
register (refer to Table 2.14.1). 


(3) Field determination 


The field determination flag can be read out by bit 3 of data slicer control register 2. This flag change 
at the falling edge of Vsep. 


Video signal Vertical blanking interval 


Composite video 
signal 


1 appropriate line is set by 
the caption position register , . 
(when setting line 19) Line 21 


Vsep 


Hsep 


Count value to be set in the caption position register (“OF 16” in this case) Magnified drawing 


Clock run-in Start bit + 16-bit data 


' Composite video 
' signal 


Window for 
deteminating 
clock-run-in 


Figure 2.14.8 Signals in vertical blanking interval 
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Caption position register 


b7 b6 b5 b4 b3 b2 b1 b0 
Symbol 
CPS 


3 CPSO Caption position bits 
CPS1 


CPS5 Caption data latch 


completion flag 2 


CPS6 Slice line mode 
specification bits 


CPS7 (in 1 field) 


Figure 2.14.9 Caption position register 


Table 2.14.1 Specification of data slice line 


Field and Line to Be Sliced Data 


Address 


When reset 


026616 007000002 


0: Data is not latched yet and a 
clock-run-in is not determined. 

1: Data is latched anda 
clock-run-in is determined. 


Refer to the corresponding table 
(Table 2.14.1). 


Field and Line to Generate Slice Voltage 


«Both fields of F1 and F2 
*Line 21 and a line specified by bits 4 to 0 of CPS 
(total 2 lines) (See note 2) 


* Field specified by bit 1 of DSC1 
«Line 21 (total 1 line) 


¢ Both fields of F1 and F2 
* A line specified by bits 4 to 0 of CPS 
(total 1 line) (See note 3) 


* Field specified by bit 1 of DSC1 
« A line specified by bits 4 to 0 of CPS 
(total 1 line) (See note 3) 


* Both fields of F1 and F2 
* Line 21 (total 1 line) 


+ Field specified by bit 1 of DSC1 
* Line 21 (total 1 line) 


¢ Both fields of F1 and F2 
* Line 21 and a line specified by bits 4 to 0 of CPS 
(total 2 lines) (See note 2) 


Notes 1: DSC is data slicer control register 1. 
CPS is caption position register. 
2: Set “0016” to “1016” to bits 4 to 0 of CPS. 
3: Set “0016” to “1F 16” to bits 4 to 0 of CPS. 
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+ Field specified by bit 1 of DSC1 
* Line 21 and a line specified by bits 4 to 0 of CPS 
(total 2 lines) (See note 2) 
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2.14.7 Reference Voltage Generating Circuit and Comparator 


The composite video signal clamped by the clamping circuit is input to the reference voltage generating 


circuit and the comparator. 
(1) Reference voltage generating circuit 


This circuit generates a reference voltage (slice voltage) by using the amplitude of the clock run-in 
pulse in line specified by the data slice line specification circuit. Connect a capacitor between the 
VHOLD pin and the Vss pin, and make the length of wiring as short as possible so that a leakage 


current may not be generated. 


(2) Comparator 


The comparator compares the voltage of the composite video signal with the voltage (reference volt- 
age) generated in the reference voltage generating circuit, and converts the composite video signal 


into a digital value. 


2.14.8 Start Bit Detecting Circuit 
This circuit detects a start bit at line decided in the data slice line specification circuit. 
The detection of a start bit is described below. 
@® A sampling clock is generated by dividing the reference clock output by the timing signal. 
@ A clock run-in pulse is detected by the sampling clock. 
® After detection of the pulse, a start bit pattern is detected from the comparator output. 


2.14.9 Clock Run-in Determination Circuit 


This circuit determinates clock run-in by counting the number of pulses in a window of the composite 


video signal. 


The reference clock count value in one pulse cycle is stored in bits 3 to 7 of the clock run-in detect register 
(address 026916). Read out these bits after the occurrence of a data slicer interrupt (refer to 2.14.12 


Interrupt request generating circuit). 
Figure 2.14.10 shows the structure of clock run-in detect register. 


Clock run-in detect register 


b7 b6 b5 b4 b3 b2 b1 bd 


Symbol Address When reset 
CRD 026916 0016 


| | Test bits Read-only : 


Clock run-in detection bits | Number of reference clocks to 


be counted in one clock run-in 

pulse period. 
: x 
ix 


Figure 2.14.10 Clock run-in detect register 
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2.14.10 Data Clock Generating Circuit 
This circuit generates a data clock synchronized with the start bit detected in the start bit detecting circuit. 
The data clock stores caption data to the 16-bit shift register. When the 16-bit data has been stored and 
the clock run-in determination circuit determines clock run-in, the caption data latch completion flag is set. 
This flag is reset at a falling of the vertical synchronous signal (Vsep). 


Data clock position register 


b7 b6 b5 b4 b3 b2 b1 bd 


Symbol Address When reset 
DPS 026A16 XXX000012 


Nothing is assigned. 
If an attempt to write to these bits, write “O.” The read turns out to be “0.” 


bee Data clock position ratte) 
es set bits fee) 
[OrO| 
KeHe} 
lofo 


Figure 2.14.11 Data clock position register 


2.14.11 16-bit Shift Register 
The caption data converted into a digital value by the comparator is stored into the 16-bit shift register in 
synchronization with the data clock. The contents of the stored caption data can be obtained by reading 
out the caption data register 1 (addresses 026316, 026216) and caption data register 2 (addresses 
026516, 026416). These registers are reset to “O” at a falling of Vsep. Read out data registers 1 and 2 after 
the occurrence of a data slicer interrupt (refer to “2.14.12 Interrupt request generating circuit)”. 
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2.14.12 Interrupt Request Generating Circuit 
The interrupt requests as shown in Table 2.14.3 are generated by combination of the following bits; bits 6 
and 7 of the caption position register (address 026616). Read out the contents of data registers 1, 2 and 
the contents of bits 3 to 7 of the clock run-in detect register after the occurrence of a data slicer interrupt 
request. 


Table 2.14.2 Contents of caption data latch completion flag and 16-bit shift register 
Contents of 16-bit Shift Register 


Slice Line Specification Mode 


ContentsofCaptionDataLatchCompletionFlag 


CPS 


bit 7 


bit 6 


Completion Flag 1 
(bit 0 of DSC2) 


Completion Flag 2 
(bit 5 of CPS) 


Caption Data 
Register 1 


Caption Data 
Register 2 


0 


Line 21 


A line specified by 
bits 4 to 0 of CPS 


16-bit data of line 21 


16-bit data of a line specified 
by bits 4 to 0 of CPS 


1 


A line specified by 
bits 4 to 0 of CPS 


Invalid 


16-bit data of a line specified 


by bits 4 to 0 of CPS 


Invalid 


Line 21 


Invalid 


16-bit data of line 21 


Invalid 


Line 21 


A line specified by 
bits 4 to 0 of CPS 


16-bit data of line 21 


16-bit data of a line specified 
by bits 4 to 0 of CPS 


CPS: Caption position register 
DSC2: Data slicer control register 2 


Table 2.14.3 Occurrence sources of Interrupt request 


Occurrence Sources of Interrupt Request at End of Data Slice Line 


After slicing line 21 


After a line specified by bits 4 to 0 of CPS 


After slicing line 21 


After slicing line 21 
CPS: Caption position register 


Data slicer reserved register i (i =1, 2) 


b7 b6 bS b4 b3 b2 bi bO 


elelelsloTsloTs] gt 


DR2 


Address When reset 
026816 0016 
026716 0016 


 [ Bit symbo 


Reserved bits 


Figure 2.14.12 Data slicer reserved register i (i = 1, 2) 
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2.15 HSYNC Counter 
The synchronous signal counter counts HSYNC from HSYNC count input pins (HCO/P75, HC1/P77) as a 
count source. 
The count value in a certain time (T time; 1024 us, 2048 us, 4096 us and 8192 us) divided system clock f32 
is stored into the 8-bit latch. 
Accordingly, the latch value changes in the cycle of T time. When the count value exceeds “FF16,” “FF16” 
is stored into the latch. 
The latch value can be obtained by reading out the HSYNC counter latch (address 027F 16). A count source 
and count update cycle (T time) are selected by bits 0, 3 and 4 of the HSYNC counter register. 
Figure 2.15.1 shows the HSYNC counter and Figure 2.15.2 shows the synchronous signal counter block 
diagram. 


Note: When using the HSYNc counter, set the port direction register corresponding to the HSYNC count 
input pins for input. 


HSYNC counter register 


b6 b5 b4 b3 b2 b1 bd 
mm i% Symbol Addi Wh 
XU | XL | Shc” oz7E v6 XXXOOKOOHE 


||| tate —etvane [Ran 


1 HCCO Count source switch bit 0 : HCO/P3s pin inpu' 
1: HC1/P35s pin inpu 


ta -- HCC1 | Input polarity 0: 
switch bit = = 
1: (Falling edge count) 
“4k K 
(Rising edge count) 


Nothing is assigned. In an attempt to write to this bit, write “0.” 
The value, if read, turns out to be “0.” 


Count freguency b4 b3 <Count freguency> 
selection bits 0 0: 1024 us 

0 1: 2048 us 

1 0: 4096 us 

1 1:8192 us 


Nothing is assigned. In an attempt to write to these bits, write “O.” 
The value, if read, turns out to be “0.” 


Note: When HCO and HC1 input are positive polarity (negetive polarity), 
HIGH width (LOW width) needs 3 main clock cycles or more of system clock. 


Figure 2.15.1 HsSyNc counter register 
0 
System clock f F divid 
5 / HCC3, HCC4 
O 


HCO/P3a HCC1 


HC1/P35 Polarity switch 8-bit counter Counter 


‘ Hsync 
ore) counter latch 


Selection gate : connected to black ¥ 
side when reset. Data bus 


Figure 2.15.2 Hsync counter block diagram 
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2.16 OSD Functions 
Table 2.16.1 outlines the OSD functions of this microcomputer. This OSD function can display the follow- 
ing: the block display (32 characters X 16 lines or 42 characters X 16 lines) and the SPRITE display, and 
can display the both display at the same time. There are 3 display modes and they are selected by a block 
unit. The display modes are selected by block control register i (i = 1 to 16). The features of each display are 


described below. 
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Note: When using OSD function, select “No-division mode” as BCLK operating mode and set the main 
clock frequency to f(XIN) = 10 MHz. 


Table 2.16.1 Features of each display style 


, Block display 
Display style ' 
CC mode OSD mode CDOSD mode SPRITE display 
parameter (Closed caption mode) (On-screen display mode) (Color dot on-screen 
OSDS mode_| OSDP mode OSDL mode display mode) 
Number of display characters 32 characters X 16 lines/42 characters X 16 lines 1 character X 2 lines 
Dot structure 16 X 20 dots 16X20 dots | 24 X 32 dots 16 X 26 dots 32 X 20 dots 
12 X 20 dots 
(Character display area: 8 X 20 dots 
16 X 26 dots) 4 X 20 dots 
Kinds of | OSDL 254 kinds 254 kinds 126 kinds 2 kinds of RAM font 
character | enable mode 
ROM - 
OSDL 508 kinds 
disable mode 254 kinds 
Kinds of character sizes 4 kinds 14 kinds | 12 kinds 14 kinds 8 kinds 
(See note 1)/ Pre-divide 
; x1,x2 
ratio (Note) x1,x2 2S : 
Dot size 1Tc X 1/2H TTC X 1/2H, 1TC X 1/2H, TTC X 1/2H, TTC X 1/2H, 
iTeX1H 1Tc X 1H, 1Tc X 1H, 1Tc X 1H, 1Tc X1H, 
1.5TC X 1/2H, 2TC X 2H, 1.5TC X 1/2H, 2TC X 2H, 
1.5TC X 1H, 3Tc X 3H 1.5TC X 1H, 3Tc X 3H 
2TC X 2H, 2TC X 2H, 
3Tc X 3H 3Tc X 3H 
Attribute Smooth italic, Border 


under line, flash 


Character font 


1 screen: 8 kinds 


1 screen: 16 kinds 


1 screen: 16 kinds (a dot unit) 


1 screen: 16 kinds 


coloring (a character unit) (a character unit) (only specified dots are colored | (a dot unit) 
: ; by a character unit) : 
Max. 512 kinds Max. 512 kinds Max. 512 kinds Max. 512 kinds 
Character Possible Possible 
background (a character unit, 1 screen: 4| (a character unit,1 screen: 16 kinds, 
coloring kinds, Max. 512 kinds) Max. 512 kinds) 
Display layer Layer 1 Layers 1, 2 | Layer 1 Layers 1, 2 Layer 3 (with highest priority) 


OSD output (See note 2) 


Analog R, 


G, B output (each 8 adjustment levels: 512 colors), Digital OUT1, OUT2 output 


Raster coloring 


Possible (a screen unit, max 512 kinds) 


Other function 
(See note 3) 


Auto solid space function 


Triple layer OSD function, window function, blank function 


Display expansion 
(multiline display) 


Possible 


Notes 1: The character size is specified with dot size and pre-divide ratio (refer to “2.16.3 Dot Size”). 
2: As for SPRITE display, OUT2 is not output. 
3: As for SPRITE display, the window function does not operate. 
4: The divide ratio of the frequency divider (the pre-divide circuit) is referred as “pre-divide ratio” hereafter. 
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The OSD circuit has an extended display mode. This mode allows multiple lines (16 lines or more) to be 
displayed on the screen by interrupting the display each time one line is displayed and rewriting data in the 
block for which display is terminated by software. 

Figure 2.16.1 shows the display-enable fonts for each display style. Figure 2.16.2 shows the block diagram 
of the OSD circuit. Figure 2.16.3 shows the OSD control register 1. Figure 2.16.4 shows the block control 
register i. 
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Display Styles 


Display-enable Fonts 


CC Mode 


16 dots 


Blank area 


Underline area 


Blank area 


OSDS Mode 


OSDP Mode 


12 dots 


* : Only character 


codes 


**: Blank font 


OSDL Mode 


CDOSD Mode 


SPRITE 


Figure 2.16.1 Display-enable fonts for each display style 
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Clock for OSD 


OSC1 OSC2  Hsync Vsync 
Ce) 


Data slicer clock Display Control register for OSD 


esellianion SPRITE OSD control register address 020116) 
circult OSD control register 1 address 020216) 
OSD control register 2 address 020316) 
Horizontal position register address 020416) 
Clock control register address 020516) 
/O polarity control register address 020616) 
OSD control register 3 address 020716) 
Raster color register addresses 020916, 020816) 
Top border control register addresses 020D16, 020C 16) 
Bottom border control register addresses 020F 16, 020E16) 
OSD control circuit Block control register i addresses 021016 to 021F 16) 
Vertical position register i addresses 022016 to 023F 16) 
Color palette register i addresses 024016 to 025B16) 
OSD reserved register i addresses 025D16 to 027A16, 
027Bi6 to 027C16) 
OSD RAM (SPRITE) OSD control register 4 address 025F16) 
32 dots X 20 dots X 4 planes X 2 lines Left border control register addresses 027116, 027016) 
Right border control register addresses 027316, 027216) 
SPRITE vertical position register i addresses 027416 to 027716) 
SPRITE horizontal position register addresses 027916, 027816) 


Shift register 


OSD RAM (See note 1) 
19 bits X 32 characters X 16 lines 


OSD ROM (character font) (See note 2) 
16 dots X 20 dots X 254 characters 
24 dots X 32 dots X 254 characters 


Shift register 
Shift register 


OSD ROM (color dot font) 
16 dots X 26 dots X 4 planes X 
94 characters 


Shift register Notes 1: In 42 character-mode, 19 bits X 42 characters X 16 lines 
9 2: In OSDL disable mode, 16 dots X 20 dots X 762 characters. 


Figure 2.16.2 Block diagram of OSD circuit 


Output circuit 


OUT1 OUT2 
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OSD control register 1 


b7 b6b5b4 b3 b2b1 bO Symbol Address When reset 


OC1 020216 0016 
Bit symbol 
OSD control bit 0 : All-blocks and SPRITE display OFF 
(See note 1) 1: All-blocks and SPRITE display ON 
Scan mode 0: Normal scan mode 
selection bit 1 : Bi-scan mode 
OC12 Border type 0 : All bordered 

selection bit 1 : Shadow bordered (See note 2) 


Flash mode 0 : Color signal of character background 
selection bit part does not flash 
1 : Color signal of character background 
part flashes 


OC14 Automatic solid 0: OFF 
. 1:ON 
space control bit 
OC15 Vertical window/blank He au 
control bit 


b7 bi 
Layer mixing 0 0: oe sum (OR) of layer 1’s 


control bits color and layer 2’s color 

(See note 3) 0 1: Layer 1’s color has priority 
1 0: Layer 2’s color has priority 
1 1: Do not set. 


Notes 1 : Even this bit is switched during display, the display screen 
remains unchanged until a rising (falling) of the next Vsync. 
2 : Shadow border is output at right and bottom side of the font. 
3 : OUT2 is always ORed, regardless of values of these bits. 


Figure 2.16.3 OSD control register 1 
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Block control register i 


b7 66 b5b4.b3 b2b1 bO Symbol Address When reset 
BCi (i = 1 to 16) 021016 to 021F 16 Indeterminate 


Display mode Functions 


selection bits Display OFF 
OSDS mode (No bordered) 


CC mode 

CDOSD mode 

OSDP mode (No bordered) 
OSDS mode (Bordered) 
OSDP mode (Bordered) 
OSDL mode 


=-3 00-00 
=-o--o-0-+-0 


a 
BR 
a 
oO 


Pre-dividel Dot size 
ratio 


Dot size 
selection bits 


Tc X 1/2H 

Ic X 1H 

Ic X 2H 

Ic X 3H 

Tc X 1/2H 

Ic X 1H 

Ic X 2H 

Tc X 3H 

5Tc X 1/2H (See notes 3, 4 
5Tc X 1H (See notes 3, 4) 
Tc X 1/2H 

Ic X 1H 

Tc X 2H 

Tc X 3H 


Pre-divide ratio 
selection bits 


CS le en NaS Ne 


0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
0 
0 
1 
1 


"OO -$- O/"- O/-0 + CO] O- 2 


Nothing is assigned. In an attempt to write to this bit, write “O.” 
The value, if read, turns out to be indeterminate. 


Notes 1: Tc is OSD clock cycle divided in pre-divide circuit 
2: H is HsYNc 
3: This character size is available only in Layer 2. At this time, set layer 1’s 
pre-divide ratio = X 2, layer 1’s horizontal dot size = 1Tc. 
4: ln OSDL and OSDP modes, 1.5Tc size cannot be used. 


Figure 2.16.4 Block control register i (i = 0 to 16) 
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2.16.1 Triple Layer OSD 
Three built-in layers of display screens accommodate triple display of channels, volume, etc., closed 
caption, and sprite displays within layers 1 to 3. 
The layer to be displayed in each block is selected by bit 0 or 1 of the OSD control register 2 for each 
display mode (refer to Figure 2.16.7). Layer 3 always displays the sprite display. 
When the layer 1 block and the layer 2 block overlay, the screen is composed with layer mixing by bit 
6 or 7 of the OSD control register 1, as shown in Figure 2.16.5. Layer 3 always takes display priority of 
layers 1 and 2. 


Notes 1: When mixing layer 1 and layer 2, note Table 2.16.2. 
2: OSDP mode is always displayed on layer 1. And also, it cannot be overlapped with layer 2’s block. 
3: OUT2 is always ORed, regardless of values of bits 6, 7 of the OSD control register 1. And 
besides, even when OUT2 (layer 1 and layer 2) overlaps with SPRITE display (layer 3), 
OUT2 is output without masking. 


Table 2.16.2 Mixing layer 1 and layer 2 


Block in Layer 1 Block in Layer 2 
Parameter 


Display mode CC, OSDS/L, CDOSD mode OSDS/L, CDOSD mode 
Pre-divide ratio x 1, X 2 (CC mode) Same as layer 1 (See note) 
X 1 to X 3 (OSD, CDOSD mode) 
Dot size 1Tc X 1/2H, 1Tc X 1H Pre-divide ratio = X 1 Pre-divide ratio = X 2 
(CC mode) 1Tc X 1/2H 1TcX 1/2H, 1.5TcX 1/2H 
1Tc X 1H 1TcX 1H, 1.5TcX 1H (Seenote) 
1Tc X 1H, 1Tc X 1/2H, 2Tc X 2H, |* Same size as layer 1 


3Tc X 3H *1.5Tc can be selected only when: layer 1’s pre-divide ratio = 
X 2 AND layer 1’s horizontal dot size = 1Tc. 
Reba bre Deabdpade) As this time, vertical dot size is the same as layer 1. 


Horizontal display start position Arbitrary Same position as layer 1 
Vertical display start position Arbitrary 


However, when dot size is 2Tc X 2H or 2Tc X 3H, set difference between vertical display position 
of layer 1 and that of layer 2 as follows. 


°2Tc X 2H: 2H units 
°3Tc X 3H: 3H units 


Note: In the OSDL mode, 1.5Tc size cannot be used. 


Note : When layer 1/layer 2 and SPRITE display 
overlay each other, only OUT2 in layer 1/layer 2 
is output. 
Layer 1/layer 2 SPRITE 
(except transparent) 


A A’ 


: Block 1 
~s,_ | Block 2 


SPRITE Laer 


___Block 7. R, G, B of layer 1/layer 2 ee 


Block 8 


OUT2 of layer 1/layer 2 | 


Fig 2.16.5 Triple layer OSD 
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Display example of layer 1 = “HELLO,” layer 2 = “CH5” 


| HELLO 


Logical sum (OR) of Layer 1’s color has priority Layer 2’s color has priority 
layer 1’s color and 0C17 = “0”, OC16 = “1” 0C17 = “1,” OC16 = “O 
layer 2’s color (See note) 

0C17 = “0,” OC16 = “O 


Note: The logical sum (OR) of layer mixing is not OR of the color palette registers’ contents (color), but 
that of color pallet registers’ numbers (i). 
Example) When the logical sum (OR) is performed on the color palettes 1 and 4; 
the number 1 (00012) and number 4 (01002) are ORed and it results in the number 5 
(01012). That is, the contents (color) of color palette register 5 is output. The color of 
color palette register 5 is output in the ORed part, regardless of colors of color palettes 
registers 1 and 4. 


Figure 2.16.6 Display example of triple layer OSD 


OSD control register 2 


b7 b6 b5 b4 b3 b2 bi b0 


Address When reset 
020316 0016 


Display layer Layer 1 

selection bits CC, OSDS/L/P, CDOSD 
CC, OSDS/L/P 

CC, OSDP, CDOSD 
CC, OSDP 


OC22 R, G, B signal output | 0: Digital output 
selection bit 1: Analog output (8 gradations) 


eee Solid space output bit! 0: OUT1 output 
1: OUT2 output 
ed Horizontal OFF 
window/blank control : cat 
bit 
0Cc25__ | Window/blank 0: Horizontal blank function 
selection bit 1 1: Horizontal window function 
(horizontal) 
oc26_ | Window/blank 0: Vertical blank function 
selection bit 2 1: Vertical window function 
(vertical) 
0C27_ | OSD interrupt 0: At completion of layer 1 block display 
request selection bit | 1: At completion of layer 2 block display 


Figure 2.16.7 OSD control register 2 
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2.16.2 Display Position 
The display positions of characters are specified by a block. There are 16 blocks, blocks 1 to 16. Up to 32 
characters (82-character mode)/42 characters (42-character mode)/ can be displayed in each block (re- 
fer to 2.16.6 Memory for OSD). 
The display position of each block can be set in both horizontal and vertical directions by software. 
The display position in the horizontal direction can be selected for all blocks in common from 256-step 
display positions in units of 4 Tosc (Tosc = OSD oscillation cycle). 
The display position in the vertical direction for each block can be selected from 1024-step display posi- 
tions in units of 1 TH ( TH = HSYNC cycle). 
Blocks are displayed in conformance with the following rules: 
« When the display position is overlapped with another block in the dame layer (Figure 2.16.8 (b)), a lower 
block number (1 to 16) is displayed on the front. 
¢ When another block display position appears while one block is displayed in the dame layer (Figure 
2.16.8 (c)), the block with a larger set value as the vertical display start position is displayed. However, 
do not display block with the dot size of 2TC X 2H or 3Tc X 3H during display period (**) of another block. 
* In the case of OSDS/P mode block: 20 dots in vertical from the vertical display start position. 
* In the case of OSDL mode block: 32 dots in vertical from the vertical display start position. 
* In the case of CC or CDOSD mode block: 26 dots in vertical from the vertical display start position. 


Block 1 
Block 2 
Block 3 


(a) Example when each block is separated 


HP 


VP1 = VP2 SRC SAN ot oP | 
Block 1 


(Block 2 is not displayed) 


(b) Example when block 2 overlaps with block 1 


(c) Example when block 2 overlaps in process of block 1 


Note: VPi (i = 1 to 16) indicates the vertical display start position of display block i. 


Figure 2.16.8 Display position 
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The display position in the vertical direction is determined by counting the horizontal sync signal (HSYNC). 
At this time, when VSYNC and HSYNC are positive polarity (negative polarity), it starts to count the rising 
edge (falling edge) of HSYNC signal from after fixed cycle of rising edge (falling edge) of VSYNC signal. So 
interval from rising edge (falling edge) of VSYNC signal to rising edge (falling edge) of HSYNC signal needs 
enough time (2 X BCLK cycles or more) for avoiding jitter. The polarity of HSYNC and VSYNC signals can 
select with the I/O polarity control register (address 020616). 


8 X BCLK cycles or more 


Vsync signal input fe 


| 0.1 to 0.2 [us] 
VsyYNc control ee (ese 


signal in 
icrocuriputal 


Period of counting 
Hsync signal < > 
(Note 2) 


Hsy 
gional input 


an A A RK AK 
orm pe A, 


Not count 


When bits 0 and 1 of the I/O polarity control register 
(address 020616) are set to “1” (negative polarity) 


Notes 1: The vertical position is determined by counting falling edge of 
Hsync signal after rising edge of Vsync control signal in the 
microcomputer. 

2 : Do not generate falling edge of Hsync signal near rising edge 
of Vsync control signal in microcomputer to avoid jitter. 

3 : The pulse width of Hsync needs 26 X BCLK cycles or more 
(BCLK = 10 MHz). 


Figure 2.16.9 Supplement explanation for display position 
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The vertical position for each block can be set in 1024 steps (where each step is 1TH (TH: HSYNC cycle)) 


as values “00216” to “3FF16” in vertical position register i (i = 1 to 16) (addresses 022016 to 023F 16). The 
vertical position register i is shown in Figure 2.16.10. 


Vertical position register i 


(b15) (b8) 
b7 b6 b5 b4 b3 b2 bi b0 b7 b6 bd b4 b3 b2 bi bd 


Symbol Address When reset 
VPi (i= 1to 16) Even addresses within addresses 022016 to 023F16, Indeterminate 
Odd addresses within addresses 022016 to 023F16 


: 


1 | VPi_9 to VPi_0} Vertical display start Vertical display start position = TH Xn 


position control bits of (n: setting value, TH: Hsync cycle) 
SPRITE font 


Nothing is assined. 
In an attempt to write to this bit, write “O.” 
The value, if read, turns out to be indeterminate. 


Note : Do not set VPi < “00116,” VPi = “40016.” 


Figure 2.16.10 Vertical position register i (i = 1 to 16) 


The horizontal position is common to all blocks, and can be set in 256 steps (where 1 step is 4ToSc, TOSC 
being OSD oscillation cycle) as values “0016” to “FF 16” in bits 0 to 7 of the horizontal position register 
(address 020416). The horizontal position register is shown in Figure 2.16.11. 


Horizontal position register 


b7 b6 b5 b4 b3 b2 b1 b0O When reset 


0016 


HP_7 to HP_O | Horizontal display start | Horizontal display start position = 4Tosc Xn |IO!E 
position control bits (n: setting value, Tosc: OSD oscillation cycle) 


Note : The setting value synchronizes with the Vsync. 


Figure 2.16.11 Horizontal position register 
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Note : 1Tc (Tc : OSD clock cycle divided in pre-divide circuit) gap occurs between the horizontal display 
start position set by the horizontal position register and the most left dot of the 1st block. Accord- 
ingly, when 2 blocks have different pre-divide ratios, their horizontal display start position will not 
match. 


Ordinary, this gap is 1Tc regardless of character sizes, however, the gap is 1.5Tc only when the 
character size is 1.5TC. 


HSYNG 


Tc Block 1 (Pre-divide ratio = 1) 


| 1Tc 
Note 1 22! sig 4 Tose X No Block 2 (Pre-divide ratio = 2) 


le Block 3 (Pre-divide ratio = 3) 


' 1.5Tc = - ; 
< Block 4 (Pre-divide ratio = 2, character size = 1.5Tc) 


N = Value of horizontal position register (decimal notation) 
Tc = OSD clock cycle divided in pre-divide circuit 
Tosc = OSD oscillation cycle 
Tdef = 50Tosc 


Figure 2.16.12 Notes on horizontal display start position 
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2.16.3 Dot Size 
The dot size can be selected by a block unit. The dot size in vertical direction is determined by dividing 
HSYNC in the vertical dot size control circuit. The dot size in horizontal is determined by dividing the 
following clock in the horizontal dot size control circuit : the clock gained by dividing the OSD clock source 
(data slicer clock, OSC1, main clock) in the pre-divide circuit. The clock cycle divided in the pre-divide 
circuit is defined as 1Tc. 
The dot size is specified by bits 3 to 6 of the block control register. 
Refer to Figure 2.16.4 (the block control register i), refer to Figure 2.16.15 (the clock control register). 
The block diagram of dot size control circuit is shown in Figure 2.16.13. 


Notes 1 : The pre-divide ratio = 3 cannot be used in the CC mode. 
2: The pre-divide ratio of the layer 2 must be same as that of the layer 1 by the block control 
register i. 
3 : In the bi-scan mode, the dot size in the vertical direction is 2 times as compared with the normal 
mode. Refer to “2.16.18 Scan Mode” about the scan mode. 


Clock cycle | 


mad O ‘>| Horizontal dot size 
Data slicer O ‘| control circuit 


clock 


(See note) Pre-divide circuit | 
Hsync © >| Vertical dot size 
‘| control circuit 


OSD control circuit 


< 
---j» Scanning line of F1 (F2) 
-—> Scanning line of F2 (F1) 


me 
> 


In normal scan mode 


Figure 2.16.14 Definition of dot sizes 
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2.16.4 Clock for OSD 
As aclock for display to be used for OSD, it is possible to select one of the following 3 types. 
¢ Data slicer clock output from the data slicer (approximately 26 MHz) 
* Clock from the LC oscillator supplied from the pins OSC1 and OSC2 
* Clock from the ceramic resonator (or the quartz-crystal oscillator) from the pins OSC1 and OSC2 


Clock control register 
b7 b6 b5 b4 b3 b2b1 bO 


Symbol Address When reset 
al CS 020516 0016 


‘| Bit symbol Bit name Function 


7 Clock selection bit 0: Data slicer clock 
1: OSC1 clock 


OSC1 oscillating mode b2 bl 
selection bits 0 0: Stopped 
0 1: Do not set. 


1 0:LC oscillating mode 1 
1 1: Ceramic + quartz-crystal oF re) 
oscillating mode 


Reserved bits Must always be set to “O” 


Figure 2.16.15 Clock control register 


(See note) 


Data slicer Data slicer clock 
circuit 
OSD control circuit 
2a, OSCt clock 
oO 


qian aera | 


CS2, 0a 


Oscillating mode for OSD 


Note : To use data slicer clock, set bit 0 of data slicer control register 1 to “1.” 


Figure 2.16.16 Block Diagram of OSD selection circuit 
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2.16.5 Field Determination Display 
To display the block with vertical dot size of 1/2H, whether an even field or an odd field is determined 
through differences in a synchronizing signal waveform of interlacing system. The dot line 0 or 1 (refer to 
Figure 2.16.18) corresponding to the field is displayed alternately. 
In the following, the field determination standard for the case where both the horizontal sync signal and 
the vertical sync signal are negative-polarity inputs will be explained. A field determination is determined 
by detecting the time from a falling edge of the horizontal sync signal until a falling edge of the VSYNC 
control signal (refer to Figure 2.16.9) in the microcomputer and then comparing this time with the time of 
the previous field. When the time is longer than the comparing time, it is regarded as even field. When the 
time is shorter, it is regarded as odd field. 
The field determination flag changes at a rising edge of VSYNC control signal in the microcomputer . 
The contents of this field can be read out by the field determination flag (bit 7 of the I/O polarity control 
register at address 020616). A dot line is specified by bit 6 of the I/O polarity control register (refer to 
Figure 2.16.18). 
However, the field determination flag read out from the CPU is fixed to “0” at even field or “1” at odd field, 
regardless of bit 6. 


I/O polarity control register 


b7 b6 b5 b4 b3 b2 b1 bO 
LEE lag Address When reset 
020616 1000X0002 
[Biome ATW 
; O:0 


Hsync input 0 : Positive polarity input 
aE switch bit | 1 : Negative polarity input 


Vsync input 0 : Positive polarity input 
fe ey switch bit | 1: Negative polarity input 


R, G, B output 0 : Positive polarity output 
polarity switch bit | 1 : Negative polarity output 
Reserved bit Must always be set to “0.” O10 


PC4 OUT1 output 0 : Positive polarity output 
polarity switch bit 1 : Negative polarity output 
OUT? output 0: Positive polarity output 
polarity switch bit 1 : Negative polarity output 
” at even field 
selection bit ” at odd field 


Display dot line 


(See note) a ” at even field 


“fh at odd field 


PC7 Field determination | 0 : Even field : 


Note: Refer to Figure 2.16.19. 


Figure 2.16.17 I/O polarity control register 
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HsyYnc 


u LU 


Field 
determination 
flag(Note) 


Display dot line 


ly dot Display dot line 
selection bit 


Vsync and 
VsYNC 
control 
signal 

in microcom- 
puter 


Upper : 
Vsync signal 


Lower : 
Vsync control 
signal in 
micro- 
computer 


TT _ 


0.5 to 0.1 [ms] at 
f(BCLK) = 10 MHz 


(n - 1) field 
(Odd-numbered) 


‘TA 


(n) field 
(Even-numbered) 


Dot line 1 


Dot line 0 Fe 


(n + 1) field 
(Odd-numbered) 


ae: 
rr 
T3 


1 (13 <T2) 


Dot line 0 


1 Dot line 1 


When using the field determination flag, set bit 7 of the peripheral mode register (address 027D16) according to the main clock frequency. 
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OSDS mode 


When the display dot line selection bit is “0,” 


the “ 


” font is displayed at even field, the 


“fe” font is displayed at odd field. Bit 7 of the 
I/O polarity control register can be read as the 


field determination flag : 


“1” is read at odd field, 


“0” is read at even field. 


OSD ROM font configuration diagram 


Note : The field determination flag changes at a rising edge of the Vsync control signal (negative-polarity input) in 
the microcomputer. 


Figure 2.16.18 Relation between field determination flag and display font 
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2.16.6 Memory for OSD 
There are 2 types of memory for OSD : OSD ROM (addresses 9000016 to AFFFF16) used to store 
character dot data and OSD RAM (addresses 040016 to 13FF16) used to specify the kinds of display 
characters, display colors, and SPRITE display. The following describes each type of memory. 


(1) ROM for OSD (addresses 9000016 to AFFFF16) 

The dot pattern data for OSD characters is stored in the character font area in the OSD ROM and the 
CD font data for OSD characters is stored in the color dot font area in the OSD ROM. To specify the 
kinds of the character font and the CD font, it is necessary to write the character code into the OSD 
RAM. 
For character font, there are the following 2 mode. 
* OSDL enable mode 

16 X 20-dot font and 24 X 32-dot font 
* OSDL disable mode 

16 X 20-dot font 
The modes are selected by bit 3 of the OSD control register 3 for each screen. 
The character font data storing address for OSDL enable/OSDL disable mode are shown in Figures 
2.16.20 and 2.16.21. The conditions for each OSDL enable/disable mode are shown in Figure 
2.16.22. The CD font data storing address is shown in Figure 2.16.23. 


OSD control register 4 


b7 b6 bS b4 b3 b2 bi bO Address 


When reset 
025F 16 XXXXX002 


oc40 OSDL mode 0: OSDL enable mode 
selection bit 1: OSDL disable mode 


Number of horizontal 0 : 32 characters for each block 

display characters (32-character mode) 

selection bit 1 : 42 characters for each block 
(42-character mode) 


Nothing is assigned. 
In an attempt to write to these bits, write “O.” The value, if read, turns out to be “0.” 


Figure 2.16.19 OSD control register 4 
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OSD ROM address of character font data (OSDL enable mode) 


OSD ROM 
address bit 


A16) ADIA) ADIa AD12) AD11| AD10 | AD9 | AD8& | AD7 | AD6 | AD5 | AD4 | AD3 | AD2 


Kinds of font Structure of address pointer 


Font (1) Character] 
Character codes Line number (1) (MSB to LSB)) f° Character code (C7 to CO) 


00016 to OFFi6 


Characte: 


Areas 0, 1 Line number (2) (MSB to LSB)| 222°. Character code (C7 to CO) 


Font (2) 
Character codes 
10016 to 1FF16 Line number (2) (MSB to LSB) 


Character code (C6 to CO) 


Line number (1) = “0216” to “1516” 
Line number (2) = “OO16” to “1F16” 
Character code = “00016” to “1FF16” (“OFE16,” “OFFi6,” “10016” and “18016” cannot be used. Write “FF16” to corresponding addresses.) 
Area bit = 0: Area 0 
1: Area 1 


Line Line 
number (1)! ne Area 0 number (2) ' 


,b7 bo b7 

0216 0016 
0316 Ol16 
0416 0216 
0516 0316 
0616 0416 
O716 0516 
0816 0616 
0916 O716 
OAt6 0816 
OBie 0916 
0Ci¢ OAt6 
ODi¢ OBie 
OEt6 0Ci¢ 
OF 16 OD16 
1016 OEt6 
1116 OF 16 
1216 1016 
1316 1116 
1416 1216 
1516 1316 
1416 
1516 
Font (1) 1616 


(Character codes 00016 to OFF ie) ne 


1916 
1A16 
1Bi6 
1Ci16 
1Di6 


1E16 
1Fie 


be b0! b7 


Font (2) 
(Character codes 10016 to 1FF16) 


Figure 2.16.20 Character font data storing address (OSDL enable mode) 
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OSD ROM address of character font data (OSDL disable mode) 


OSD ROM 


address bit AD15|} AD14| AD13} AD12|} AD11) AD10} AD9 | AD8 | AD7 | AD6 | ADS | AD4 | AD3 | AD2 


Kinds of font Structure of address pointer 


Font (1 f 
genet aed <0 | Line number (1) (MSB to LSB) Character code (C8 to CO) 


00016 to 1FFi6 


Font (2) 
Character codes 
20016 to 27F 16 


ge. | Line number (1) (MSB to LSB) Character code (C8 to C0) 


Font (3) Line number (3) 
Character codes (NL3 to NLO) 
28016 to 2FFi6 
Line number (1) = “0216” to “1516” 
Line number (3) = “0616” to “OF 16” and “1616” to “1F16” 
Character code = “00016” to “2FFie” (“OFE16,” “OFFi6,” “10016,” “18016,” “20016” and “28016” cannot be used. Write “FF16” to corresponding addresses.) 
Area bit = 0: Area 0 
1: Area 1 


Character code (C6 to CO) 


Line Line 
number (1): ! ' number (2 
( Mo? Area 0 bo! b7 Area 1 bo! (2) 


0216 0616 
0316 O716 
0416 0816 
0516 0916 
0616 OAt6 
0716 OBie 
0816 0C16 
0916 OD16 
OA16 OE16 
OBie OF 16 
0C16 1616 
ODi6 1716 
OE16 1816 
OF 16 1916 
1016 1Ai6 
1116 1Bie 
1216 1Ci6 
1316 1Di6 
1416 1E16 
1516 1Fie 


| b7 Area 0 b0! b7 Area 1 bo! 


Font (1) Font (38) 
Font (2) (Character codes 28016 to 2FF16) 
(Character codes 00016 to 27F 16) 


Figure 2.16.21 Character font data storing address (OSDL disable mode) 
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Depending on the relationship of OSDL enable/disable mode, display mode and character code, note the conditions below. 


OSDL enable/ 
disable mode 


OSDL enable mode 
(Bit 0 of OSD control register 4 = “O”) 


OSDL disable mode 
Bigplay mde (Bit 0 of OSD control register 4 = “1”) 
& character code 


Display mode r} CC OSDS/P OSDL 


CC OSDS/P OSDL 


azis sayoereyo | 


Not used : 
(See note 3) Display OFF 


Used Used 


(See note 1) | (See note 1) Display OFF 


Specified 
character 
code Display OFF 


Used 
(No border ) | Display OFF 
(See note 2) 


Not used Not used 
(See note 3) (See note 3) 


Not used | Display OFF 


Notes 1: Part of 24 X 32 font is displayed. 

2: In OSDL disable mode, character 
codes “28016” to “2FF16” are used 
in OSDS/P mode (no border). 

3: As setting this make output of 
font data indeterminate, do not use. 
However, “3FE16” and “3FF16” can 
be used as character codes of 
blank font output in OSDP mode. 


Figure 2.16.22 Conditions for each OSDL enable/disable mode 
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OSD ROM address of CD font data 


ADO 


AD4 |AD3 | AD2 | AD1 


AD8 |AD7 | AD6 | ADS 


AD9 


ao 
na 
ao 
a2} 
ao 
ao 
= 


( 


Line number 


AD13] AD12|AD11 )AD10 


selection bit 


AD16 | AD15| AD14 


OSD ROM 
address bit 


Line number/ 
CD code/Area bit 


Line number = “0016” to “1916” 


CD code 
Area bit 


Color palette selection bit 0) 


0/0/0/0}/0j/0/0]/0j0j0/0}0}0}0/0}0 


0/0/0/0}0j/0/0]/0j0j0/0}0}0}0/0}0 


0/0/0/0}0j/0/0]/0j0j0/0}0}0}0/0}0 
0/0/0/0}0j]0/0]0j0j0/0}0 }0}0/0}0 


0/0/0/0}0j]0/0]/0j0j0/0}0}0}0/0}0 
0/0/0/0}0j]0/0]/0j0j0/0}0}0}0/0}0 
0/0/0/0}0j/0/0]0j0j0/0}0}0}0/0}0 


0/0/0/0}0j/0/0]/0}0j0/0}0}0}0/0}0 


0/0/0/0}/0j/0/0]/0j0j0/0}0}0}0/0}0 
0/0 /0/0}0j/0/0]/0j0j0/0}0}0}0/0}0 


0/0/0/0}0j/0/0]/0}0j0/0}0}0}0/0}0 


0/0/0/0}0j]0/0]0j0j0/0}0}0}0/0}0 


0/0/0/0}0j/0/0]/0j0j0/0}0}0}0/0}0 


0/0/0/0}0j/0/0]/0j0j0/0}0}0}0/0}0 


0/0/0/0}0j/0/0]/0}0j0/0}0}0}0/0}0 
0/0/0/0}0j]0/0]/0j0j0/0}0}0}0/0}0 
0/0/0/0;/0j/0/0]/0}0jO/0}0}0}0/0}0 
0/0 /0/0}0j]0/0]0}0j0/0}0}0}0/0}0 


0/0/0/0}0]/0/0]/0j0j0/0}0}0}0/0}0 
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0/0/0/0}0j/0/0]/0j0j0/0}0}0}0/0}0 


0/0/0/0}0 |0 


0/0/0/0}0}0 


0/0/0/0}0}0 
0/0/0/0}0}0 
0/0/0/0}0}0 


0/0/0/0}0|0 


0{/0/0/0}0 }0 


0/0/0/0}0|0 


0/0/0/0}0}0 


0/0/0/0}0}0 


0/0/0/0}0}0 
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(Color palette selection bit 1) 
0/0/0/0/0/0/0]0/0/0/0j0};O;Oj;O}0 
0/0/0/0/0/0/0]0/0/0/0jO;O;O;O}0 
0/0/0/0/0/0/0J/0/0/0/0j0};O;O];O}0 


0/0/0}0}0j0 |0/0/0j0/0;/0}0}0}0}0 


0/0/0j0}j0}j0 
0/0/0j0}0}j0 
0/0/0j0}j0}j0 


0/0/0j0}0}0 


0/0/0j0}j0}0 
0/0/0j0}j0 jo 
0/0/0j0}0}0 
0/0/0j0}j0}j0 


0/0/0j/0}0j0|0/0/0 jO/O);0;0/0}0}0 


0/0/0}0}0j0|0/0/0 j0}0;0}0}0}0}0 
0/0/0j/0}0]0|0/0/0jO/O);0;0/0]0}0 
0/0/0}0}0j0 |0/0/0j0/0;0}0}0}0}0 
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“0016” to “7F 16” (“3F16” and “4016” can not be used. Write “FF16” to the corresponding address.) 


0:Area0 


Color palette selection bit 2) 


0/0/0/0j}0j;O;0/0}0/0/0}0 
0/0/0/0j}0j|0;0j;0}0/0/0}0 
0/0/0/0}0j|0;0j/0}0/0/0}0 
0/0/0/0}0j0;0j;0}0/0/0}0 
0/0/0/0}0j0;0j;0}0/0/0}0 


0/0/0/0}0j|0;0j;0}0/0/0}0 


0/0/0/0j}0j;O;0/0;0/0/0}0 


0/0/0/0j}0j|0;0j;0}0/0/0}0 


0/0/0/0}0}O;0/0;0/0/0}0 


0/0/0/0j}0j|0;0j;0}0/0/0}0 


0/0/0/0j}0j0;0j;0}0/0/0}0 


0/0/0/0j}0j0;0j;0}0/0/0}0 


0/0/0/0}0};O;0/0;0/0/0}0 


0/0/0/0}0j0;0j;0}0/0/0}0 
0/0/0/0j}0};O;0);0;0/0/0}0 


0/0/0/0}0j0;0j;0}0/0/0}0 


0/0/0/0}0j}0/0)/0}0/0/0}0 


0/0/0/0}0j|0;0j;0}0/0/0}0 


0/0/0/0j}0j;O;0/0;0/0/0}0 


0/0/0/0}0j|0;0j;0}0/0/0}0 


0/0/0/0}0j;O/0/0;0/0/0}0 


0/0/0/0}0j0;0j;0}0/0/0]}0 


) 


(Color palette selection bit 3 
O0}0/0}/0/0]0/0/0J/0]0j;0/0}0;0/}0}0 
O0}0/0}/0/0]0/0/0J/0]0j;0/0};O;O/}0}0 
O0}0/0}/0/0]0/0/0J/0J/0jO/0};O;O/}0}0 
0}/0/0}/0/0/0/0/0/0J/0j;0/0}0);0/0}0 
0}0/0/0/0/0/0/0J/0J/0j0/0}0;0/}0}0 
O0}0/0}/0/0/0/0/0J/0J/0j;0/0};0;0/}0}0 
0}/0/0}/0j/0/0/0/0}/0J/0j;0/0}O;0/}0}0 
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Area 0 


Line 
number! 57 


ee 


A ee ae 


RC16 of OSD RAM is selected 


Col 


lette 3 is selected 
lette 4 is selected 


Display example 


0] Color palette set by RC13 to 


1 


2] Co 
3] Co 
4] Co 
1} Col 


ol4[4 
0/4/4 
0[4[4 
0l4[4 


1 
1 
1 
1 


1 
1 
1 
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1 
1 
1 
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1 
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1 
1 


1 
1 
1 
1 


0/0/0j|0j0}0}0 
0/0/0j}0j0}0}0 


1 
1 


0/0/0/0/0}0/0/0j}0/0j0}0}0}0/0}0 


0/0/0;0/0}/0/0/0j}0/0jO}O0}0}0/O0}0 


0/0/0/0/0}0/0/0j0/0j0}0}0}0/0}0 
0/0/0;0/0}/0/0J/0j}0/0j0}0}0}0/O0}0 
0/0/0/0/0}0/0/0j}0/0j0}0}0}0/0}0 


0/0;0;0j;0};0/0}1 


0{0/0;0/;0}0/0}1 


O0/0/O0;0/0}0/0/0j;0}0jOJ}O;O}O/O}0 


0/0/0/0/0}0/0}/0j}0/0j0}0}0}0/0}0 
0/0/0;0/0}0/0J/0j}0/0jO}0}0}0/0}0 
0/0/0/0/0}0/0/0j0/0j0}0}0}0/0}0 


0/0/0j0/0}/0/0/0j}0/0jO}O}0}0/O0}0 


0/0/0/0/0}0/0}/0j}0/0j0}0}0}0/0}0 


0/0/0;0/0}0/0/0j/0/0jO}O}0}0/0}0 


0/0/0/0/0}0/0/0j0/0j0}0}0}0/0}0 
0/0/0/0/0}0/0/0j;0/0j;O}0}0}0/0}0 
0/0/0/0/0}0/0}0j}0/0j0}0}0}0/0}0 
0/0/0/0/0}0/0/0j;0/0j}0}0}0}0/O0}0 
0/0/0/0/0}0/0/0j}0/0j0}0}0}0/0}0 


1/3]3]3]3]1 


1/3 11]14] 3] 1 
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6/4 |4/414/4]4)41414/ 41414 /4/4/4]4 


6/4 14/4] 4/4|4/4/4/4] 41/4 | 4 [4/4 /4]4 
6/4 14 /0/0/0/0/0]0]0]0/}0]0|0]0/4|4 
6/4 |4/0|0/0/0|0/Q/0|0/0|0/0|0/4)4 
6/4 |4 |0]0/0|0|2/2/2|2/0]0/0/0/4|4 


4|4|0/0/0]0|2/2/2|2/0/0/0/0/4|4 


4|4|0]0|0/0/2|2/2]2\/0/0|0/0|4/4 
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number 
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04: 


1616/4 |4 |o|o/o|o0/o0]o/o]|ojojojo|ol4|4 


1716/4 |4 |0{0/0]0}0/0/0/0}0}0/0/0/4]4 


1816/4 [4 |4|4]4/4|4[4]4]4l[4]4l4 la lala 


1916/4 14 |414|414|4| 414] 4/4] 4/4 1/4 [4/4 
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(2) OSD RAM (OSD RAM for character, addresses 040016 to OEFF16) 

The OSD RAM for character is allocated at addresses 040016 to OEFF16, and is divided into a display 
character code specification part, color code 1 specification part, and color code 2 specification part 
for each block. The number of characters for 1 block (32- or 42-character mode) is selected by bit 1 of 
the OSD control register 4. Tables 2.16.3 to 2.16.7 show the address map. 

For example, to display 1 character position (the left edge) in block 1, write the character code in 
address 040016, write color code 1 at 040116, and write color code 2 at 048016. The structure of the 
OSD RAM is shown in Figure 2.16.25. 


Note : For blocks of the following dot sizes, the 3nth (n = 1 to 14) character is skipped as compared 
with ordinary block. 
Hin OSDL mode: all dot size. 
Min OSDS and CDOSD modes of layer 2: 1.5Tc X 1/2H or 1.5Tc X 1H 
Accordingly, maximum 22 characters (32-character mode)/28 characters (42-character mode) 
are only displayed in 1 block. Blocks with dot size of 1Tc X 1/2H and 1Tc X 1H, or blocks on the 
layer 1. The RAM data for the 3nth character does not effect the display. Any character data can 
be stored here. And also, note the following only in 32-character mode. As the character is 
displayed in the 28th’s character area in 42-character mode, set ordinarily. 
«In OSDS mode 
The character is not displayed, and only the left 1/3 part of the 22nd character back 
ground is displayed in the 22nd’s character area. When not displaying this back- 
ground, set transparent for character background color. 
¢ In OSDL mode 
Set a blank character or a character of transparent color to the 22nd character. 
«In CDOSD mode 
The character is not displayed, and color palette color specified by bits 3 to 6 of color 
code 1 can be output in the 22nd’s character area (left 1/3 part). 


Display 
sequence 9 10 11 12 13 14 15 16 17 18 19 20 21 22 


RAM 
address 3132 
order 


* 1.5Tc size block 
* OSDL block 


Display | 


sequence! 1 2 3) 91011 121314151617 18 19 2021 22 23 24 25 26 27 


RAM 
address PRSBAR GRRE 213 ; 5 i 4 ro? ” 25 nin 28/29|30/31)32| ° 1Tc size block 
order 


Figure 2.16.24 RAM data for 3rd character (in 32-character mode) 
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Block Display Position (from left) Character Code Specification | Color Code 1 Specification | Color Code 2 Specification 
1st character 040016 040116 048016 
2nd character 040216 040316 048216 
Block 1 31st character 043C16 043D16 04BC16 
32nd character 043E16 043F 16 04BE16 
1st character 044016 044116 04C016 
2nd character 044216 044316 04C216 
Block 2 : 
31st character 047C16 047D16 04FC16 
32nd character 047E16 047F16 O4FE16 
1st character 050016 050116 058016 
2nd character 050216 050316 058216 
ale 31st character 053C16 053D16 O5BC16 
32nd character 053E16 053F16 O5BE16 
1st character 054016 054116 05C016 
2nd character 054216 054316 05C216 
Poe 31st character 057C16 057D16 O5FCi6 
32nd character 057E16 057F 16 O5FE16 
1st character 060016 060116 068016 
2nd character 060216 060316 068216 
Block 5 : : : : 
31st character 063C16 063D16 O6BC16 
32nd character 063E16 063F16 O6BE16 
1st character 064016 064116 06C016 
2nd character 064216 064316 06C216 
Block 6 : ; : : 
31st character 067Ci16 067D16 O6FC16 
32nd character 067E16 067F 16 O6FE16 
Tst Character 070016 070116 078016 
Block 7 2nd character 070216 070316 078216 
31st character 073C16 073D16 07BCi6 
32nd character 073E16 073F 16 07BE16 
1st character 074016 074116 07C016 
2nd character 074216 074316 07C216 
Block 8 : : : : 
31st character 077Ci16 077D16 07FC16 
32nd character 077E16 077F 16 O7FE16 
Tst character 080016 080116 088016 
2nd character 080216 080316 088216 
Block 9 : : : : 
31st character 083C16 083D16 O08BCi16 
32nd character 083E16 083F16 O8BE16 
1st character 084016 084116 08C016 
2nd character 084216 084316 08C216 
Block 10 : : : : 
31st character 087C16 087D16 O8FCi6 
32nd character 087E16 087F 16 O8FE16 
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Table 2.16.4 Contents of OSD RAM (1st to 32nd character) (continued) 


Block Display Position (from left) Character Code Specification] Color Code 1 Specification | Color Code 2 Specification 
1st character 090016 090116 098016 
2nd character 090216 090316 098216 
Block 11 . } ‘ ; 
31st character 093C16 093D16 O09BCi6 
32nd character 093E16 093F 16 O9BE16 
1st character 094016 094116 09C016 
2nd character 094216 094316 09C216 
Block 12 : : : : 
31st character 097C16 097D16 O9FC16 
32nd character 097E16 097F16 O9FE16 
1st character 0A0016 0A0116 0A8016 
2nd character 0A0216 0A0316 0A8216 
Block 13 : : : : 
31st character OA3C16 0A3D16 OABC1i6 
32nd character OA3E16 OA3Fi6 OABE16 
1st character 0A4016 0A4116 0AC016 
2nd character 0A4216 0A4316 0AC216 
Block 14 : : : : 
31st character 0A7C16 0A7D16 OAFC16 
32nd character OA7E16 OA7F16 OAFE16 
1st character 0B0016 0B0116 0B8016 
2nd character 0B0216 0B0316 0B8216 
Block 15 : : : : 
31st character OB3C16 OB3D16 OBBCi6 
32nd character OB3E16 OB3F16 OBBE16 
1st character 0B4016 0B4116 OBCO016 
2nd character 0B4216 0B4316 OBC216 
Block 16 : : : : 
31st character 0B7C16 0B7Di16 OBF016 
32nd character 0B7E16 0OB7F16 OBFE16 
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Character Code Specification 
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Color Code 1 Specification 


Color Code 2 Specification 


Block 1 


33rd character 


0C0016 


000116 


0C8016 


34th character 


39th character 


0C0216 


0C0C16 


0C0316 


O0COD16 


0C8216 


0C8C16 


40th character 


OCOE16 


OCOF 16 


OC8E16 


41st character 


OE0016 


0E0116 


OE8016 


42nd character 


0E0216 


0E0316 


0E8216 


Block 2 


33rd character 


0 


C1016 


001116 


0C9016 


34th character 


39th character 


0C1216 


0C1C16 


001316 


0C1D16 


0C9216 


0C9Ci6 


40th character 


0C1E16 


0C1F16 


OC9E16 


41st character 


OE0816 


OE0916 


0E8816 


42nd character 


OEOA16 


OEOBi6 


OE8A16 


33rd character 


0C2016 


002116 


OCA016 


34th character 


39th character 


0C2216 


0C2C16 


002316 


0C2D16 


OCA216 


OCAC16 


40th character 


0C2E16 


OC2F16 


OCAE16 


41st character 


0E1016 


0E1116 


OE9016 


42nd character 


0E1216 


0E1316 


0E9216 


Block 4 


33rd character 


0C3016 


003116 


OCBO016 


34th character 


39th character 


003216 


0C3C16 


003316 


0C3D16 


OCB216 


OCBC16 


40th character 


OC3E16 


O0C3F16 


OCBE16 


41st character 


0E1816 


0E1916 


0E9816 


42nd character 


OE1A16 


0E1Bi6 


OE9A16 


Block 5 


33rd character 


0C4016 


004116 


0CC016 


34th character 


39th character 


0C4216 


0C4C16 


004316 


0C4D16 


0CC216 


OCCCi16 


40th character 


OC4E16 


OC4Fi6 


OCCE16 


41st character 


0E2016 


0E2116 


OEA016 


42nd character 


0E2216 


0E2316 


OEA216 


Block 6 


33rd character 


0C5016 


005116 


OCD016 


34th character 


39th character 


0C5216 


0C5C16 


005316 


0C5D16 


0CD216 


OCDC16 


40th character 


OC5E16 


OC5F16 


OCDE16 


41st character 


0E2816 


0E2916 


OEA816 


42nd character 


OE2A16 


OE2Bi6 


OEAA16 


Block 7 


33rd character 


0C6016 


0C6116 


OCE016 


34th character 


39th character 


0C6216 


OC6C16 


0C6316 


O0C6D16 


OCE216 


OCEC16 


40th character 


OC6E16 


OC6F16 


OCEE16 


41st character 


0E3016 


0E3116 


OEBO16 


42nd character 


0E3216 


0E3316 


OEB216 
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Table 2.16.6 Contents of OSD RAM (33rd to 42nd character) (continued) 


Block Display Position (from left) Character Code Specification | Color Code 1 Specification | Color Code 2 Specification 
33rd character 0C7016 0C7116 OCF016 
34th character 0C7216 007316 OCF216 

Block 8 39th character 0C7C16 0C7D16 OCFC16 
40th character OC7E16 0C7F16 OCFE16 
41st character 0E3816 0E3916 OEB816 
42nd character OE3A16 0E3B16 OEBA16 
33rd character 0D0016 0D0116 0D8016 
34th character 0D0216 0D0316 0D8216 

Block 9 39th character OD0C16 oDOD16 OD8C16 
40th character ODOE16 ODOF 16 OD8E16 
41st character 0E4016 0E4116 OEC016 
42nd character 0E4216 0E4316 OEC216 
33rd character 0D1016 0D1116 0D9016 
34th character 0D1216 0D1316 0D9216 

Block 10 39th character 0D1C16 0D1D16 OD9C16 
40th character OD1E16 OD1F16 OD9E16 
41st character 0E4816 0E4916 OEC816 
42nd character OE4A16 OE4B16 OECA16 
33rd character 0D2016 0D2116 ODA016 
34th character 0D2216 0D2316 ODA216 

Block 11 39th character OD2C16 0D2D16 ODACI6 
40th character OD2E16 OD2F16 ODAE16 
41st character OE5016 0E5116 OEDO16 
42nd character OE5216 0E5316 OED216 
33rd character 0D3016 0D3116 ODBO16 
34th character 0D3216 0D3316 ODB216 

Block 12 39th character OD3C16 OD3D16 ODBC16 
40th character OD3E16 OD3F16 ODBE16 
41st character 0E5816 0E5916 OED816 
42nd character OE5A16 OE5B16 OEDAt16 
33rd character 0D4016 0D4116 ODC016 
34th character 0D4216 0D4316 0DC216 

Block 13 39th character OD4C16 OD4D16 ODCCi6 
40th character OD4E16 OD4F16 ODCE16 
41st character OE6016 0E6116 OEE016 
42nd character 0E6216 0E6316 OEE216 
33rd character 0D5016 0D5116 ODD016 
34th character 0D5216 0D5316 ODD216 

ore 39th character OD5Ci16 OD5Di16 ODDCi6 
40th character OD5E16 OD5F16 ODDE16 
41st character OE6816 OE6916 OEE816 
42nd character OE6A16 OE6B16 OEEA16 
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Table 2.16.7 Contents of OSD RAM (33rd to 42nd character) (continued) 


Display Position (from left) 


Character Code Specification 


Color Code 1 Specification 


Color Code 2 Specification 


Block 15 


33rd character 


0D6016 


0D6116 


ODE016 


34th character 


39th character 


0D6216 


OD6C16 


0D6316 


OD6D16 


ODE216 


ODECi6 


40th character 


OD6E16 


OD6F16 


ODEE16 


41st character 


0E7016 


0E7116 


OEFO16 


42nd character 


0E7216 


0E7316 


OEF216 


Block 16 


33rd character 


0D7016 


0D7116 


ODF016 


34th character 


39th character 


0D7216 


OD7Ci6 


0D7316 


OD7D16 


ODF216 


ODFC1i6 


40th character 


OD7E16 


OD7F16 


ODFE16 


41st character 


0E7816 


0E7916 


OEF816 


42nd character 


OE7A16 


0E7Bi6 


OEFA16 
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Blocks 1 to 16 


b2 b1 bO~ b7 bO  =b7 b0 
| c9 froat R20 |RC17|RC16|RC15|RC14/RC13|RC12 rcii| c8 | o7 | c6 | cs | 4 | o3 | c2 | ot | co, 


Color code 2 Color code 1 Character code 


CC mode OSDS/L/P mode CDOSD mode 
Bit name Function Bit name Function Bit name Function 


Specify 
Character Character CD code coe code 
code Specify code ae (7 bits) OSD ROM 

character code in (Low-order 9 bits) character code in (color dot) 


(Low-order 9 bits) 
OSD ROM OSD ROM 


Not used 


Color palette | Specify color palette Color palette | Specify color palette 
selection bit 0 for character selection bit 0 for character 


(See note 3) (See note 3) 
Color palette 


selection bit 1 


Color palette 
selection bit 1 


JayoeseuD 
JeyoeseUuD 


Color palette Color palette Color palette 
selection bit 2 selection bit 2 selection bit 0 


Specify a dot 
Color palette | which selects 
selection bit 1 | color palette 0 
by OSD ROM 
Color palette (See note 4) 
selection bit 2 


Italic control __|0: Italic OFF Color palette 
1: Italic ON selection bit 3 


10109 10q 


Flash control |0: Flash OFF 

1: Flash ON 
Underline control |0: Underline OFF 
1: Underline ON 


Color palette 


3 4 if I I 
selection bieO Specify color palette 


for character 


Color palette} ‘See note 3) Color palette 


selection bit 1 selection bit 3 


punosbyoeg sajoeseyD 


OUT2 output 0: OUT2 output OFF OUT2 output 0: OUT2 output OFF} OUT2 output 0: OUT2 output OF 


control 1: OUT2 output ON control 1: OUT2 output ON conto} 1: QUT2 output ON 


Color palette | Specify color palette 
selection bit 2| for background 
(See note 3) Not used 


Color palette | Specify color palette 
selection bit 0| for background 
(See note 3) 

Color palette 
selection bit 3 


Color palette 
selection bit 1 


punosbyoeg sajoeseyD, 
punosbyoeg sajoeseyD 


Character code |Specify character |Character code _| Specify character Not used 
(High-order 1 bit) |code in OSD ROM|(High-order 1 bit) |code in OSD ROM 


Read value of bits 3 to 7 of the color code 2 is undefined. 

: For “not used” bits, the write value is read. 

: Refer to Figure 2.16.26. 

: Only in CDOSD mode, a dot which selects color palette 0 is colored to the color palette set by RC13 to RC16 of 
OSD RAM in character units. When the character size is 1.5Tc X 1H or 1.5Tc X 1/2H, however, set RCI3 to RC16 
and RC17 of all characters (including the 3nth character) within the same block to the same value. 


Figure 2.16.25 Structure of OSD RAM 
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(3) OSD RAM (OSD RAM for SPRITE, addresses 100016 to 13E716) 
The OSD RAM for SPRITE fonts 1 and 2, consisting of 4 planes for each font, is assigned to ad- 
dresses 100016 to 13E716. Each plane corresponds to each color palette selection bit and the color 
palette of each dot is determined from among 16 kinds. 


Table 2.16.8 OSD RAM address (SPRITE font 1) 


Plane 3 Plane 2 Plane 1 Plane 0 


(Color paleltte selection bit 3) (Color paleltte selection bit 2) (Color paleltte selection bit 1) lor paleltte selection bit 0) 


Dots to8 9to16 |17to24 | 25to32| 1to8 | 9to16 | 17to24 | 25to32)1to8 | 9to16 | 17 to 24) 25 to 32 9to 16 7 to 24 | 25 to 32 


Bits b7 to b0| b7 to b0|b7 tob0 | b7 to b0) b7 to b0! b7 to b0 | b7 to b0 | b7 to bO | b7 to b0| b7 tob0| b7 to b0|b7 to bO | b7 tob0 | b7 to b0 | b7 tob0 | b7 to bd 


Line 1 OCO1e | 10C116 | 11C016 11C116 | 108016 | 108116 18016 | 118116 104016 | 104116 | 114016 | 114116 00016 | 100116 10016 | 110116 
Line 2 0C216 | 10C316 | 11C216 110316 | 108216 | 108316 18216 | 118316 104216 | 104316 | 114216 | 114316 00216 | 100316 10216 | 110316 


Line 19 OE416 | 10E5i6 10A416 | 10A516 11A5i6 | 106416 | 106516 | 116416 | 116516 02416 112516 


Line 20 OE6i6 | 10E716 10A616 | 10A716 11A716 | 106616 | 106716 | 116616 | 116716 02616 112716 


Plane 3 Plane 2 Plane 1 Plane 0 


(Color paleltte selection bit 3) (Color paleltte selection bit 2) (Color paleltte selection bit 1) lor paleltte selection bit 0) 


to8 9to16 /17to24 | 25to32| 1to8 | 9to 16 7 to 24 | 25to32|1to8 | 9to16 | 17 to 24] 25 to 32 9to 16 7 to 24} 25 to 32 


b7 to b0| b7 to b0|b7 tobO | b7 to b0) b7 to b0} b7 to b0 | b7 to b0 | b7 to bO | b7 to b0| b7 tob0| b7 to b0|b7 to b0 | b7 tob0|b7 to bO | b7 tob0 | b7 to bd 


2C016 | 12C116 | 13C016 13C116 | 128016 | 128116 38016 | 138116 | 124016 | 124116 | 134016 | 134116 20016 | 120116 30016 | 130116 
2C216 | 12C316 | 13C216 13C316 | 128216 | 128316 38216 | 138316 | 124216 | 124316 | 134216 | 134316 20216 | 120316 30216 | 130316 


12E516 | 13E4i6 13E516 | 12A416 | 12A5i6 S3A4ie | 13A5i6 | 126416 | 126516 | 136416 | 136516 122516 32416 | 132516 


12E716 | 13E616 13E716 | 12A616 | 12A716 S3A6ie | 13A716 | 126616 | 126716 | 136616 | 136716 122716 32616 | 132716 


Dot number 


Dot structure of SPRITE font ra 


: i : Plane 1 
1123-4 5 6 7 B19 1011 1213 14 15 1617 18 19 2021 22.23 24125 26 27 28 293031 32! a Plane 0 


ig 29 30 31 32 
: 29.3031 32 
5 
6 
7 
8 
Line 2 
number be 
12 
13 
14 
15 
16 
17 
18 
19 
20 
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2.16.7 Character Color 

As shown in Figure 2.16.26, there are 16 built-in color codes. Color palette 0 is fixed at transparent, and 

color palette 8 is fixed at black. The remaining 14 colors can be set to any of the 512 colors available. The 

setting procedure for character colors is as follows: 

CC M0de: inihiahikiealh evans 8 kinds 
Color palette selection range (color palettes 0 to 7 or 8 to 15) can be selected by bit 0 of the OSD control 
register 3 (address 020716). Color palettes are set by bits RC11 to RC13 of the OSD RAM from among 
the selection range. 


* OSDS/L/P Mode .......0ccceceeeseeeees 16 kinds 
Color palettes are set by bits RC11 to RC14 of the OSD RAM. 
* CDOSD mode...........::.:ccceeseeeeeeees 16 kinds 


Color palettes are set in dot units according to CD font data. 
Only in CDOSD mode, a dot which selects color palette 0 or 8 is colored to the color palette set by RC13 
to RC16 of OSD RAM in character units (refer to Figure 2.16.28). 
* SPRITE display ..........::cceeeeees 16 kinds 
Color palettes are set in dot units according to the CD font data. 


Notes 1: Color palette 8 is always selected for bordering and solid space output (OUT 1 output) regardless 
of the set value in the register. 

2: Color palette 0 (transparent) and the transparent setting of other color palettes will differ. When 
there are multiple layers overlapping (on top of each other, piled up), and the priority layer is color 
palette 0 (transparent), the bottom layer is displayed, but if the priority layer is the transparent 
setting of any other color palette, the background is displayed without displaying the bottom layer 
(refer to Figure 2.16.28). 


2.16.8 Character Background Color 

The display area around the characters can be colored in with a character background color. Character 

background colors are set in character units. 

© CC MOE 2... .ceecccecestceeeeesteeeeeeeeaaes 4 kinds 
Color palette selection range (color codes 0 to 3, 4 to 7, 8 to 11, or 12 to 15) can be selected by bits 1 and 
2 of the OSD control register 3 (address 020716). Color palettes are set by bits RC20 and RC21 of the 
OSD RAM from among the selection range. 

* OSDS/L/P Mode .......ccccceteeeeee 16 kinds 
Color palettes are set by bits RC15, RC16, RC20, and RC21 of the OSD RAM. 


Note: The character background is displayed in the following part: 
(character display area) — (character font) — (border). 
Accordingly, the character background color and the color signal for these two sections cannot be 
mixed. 
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OSDS/L/P mode (character, background 


CC mode CC mode CDOSD mode (character) (See note 2) 
(background) (character) SPRITE display 


Color palette 0 (Transparent) 


Color palette 1 


Color palette 2 


Color palette 3 


Color palette 4 


Color palette 5 


Color palette 6 


Color palette 7 


Color palette 8 (Black) 


Select one Select either Any palette 
palette in < palette in > can be 


Color palette 9 


screen units. screen units. selected. 
(See note 1) (See note 1) 


Color palette 10 


Color palette 11 


Color palette 12 


Color palette 13 


Color palette 14 


Color palette 15 


ed 7 7 


Notes 1: Color palettes are selected by OSD control register 3 (address 020716). 
2: Only in CDOSD mode, a dot which selects color palette 0 or 8 is colored to 
of OSD RAM in character units. 


Figure 2.16.26 Color palette selection 
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Set values of OSD RAM (RC16 to RC13) 
0000 0001 0010 


Dot area specified to color palette 1 


Transparent 


Wi Black 
E-"]Blue 


When setting black and blue to color palettes 1 and 2, respectively 


Dot area specified to color palette 0 
(only in CDOSD mode). 


Figure 2.16.27 Set of color palette 0 or 8 in CDOSD mode 


Color palette 1 (Transparent) 


Color palette 0 (Transparent) 


a 


Color palette 2 (Blue) 


Layer 1 
(CC mode) 


<—— 26 dots—_> 


Transparent 
(video signal) 


<—— 26 dots» 
<—— 20 dots_» 


Layer 2 ame 
When layer 1 has priority. 
(OSDS/L mode) 2 


Color palette 8 (Black) 


Figure 2.16.28 Difference between color palette 0 (transparent) and transparent setting of other 


color palettes 
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OSD control register 3 


b7 b6 b5 b4 b3 b2 b1 b0 


Symbol Address When reset 
OC3 020716 0016 


CC mode character | 0: Color palettes 0 to 7 
color selection bit 1: Color palettes 8 to 15 


b2 bt 

eae 0 0: Color palettes 0 to 3 

selection bits 0 1: Color palettes 4 to 7 

(See note) 1 0: Color palettes 8 to 11 
1 1: Color palettes 12 to 15 


Reserved bits Must always be set to “0” 


0C34 Flash cycle 0: 1 cycle = Vsync cycle X 32 
selection bit 1: 1 cycle = Vsync cycle X 64 
OC35 OSDS/L/P mode 0: Window OFF 
window control bit 1: Window ON 
OC36 CC mode window 0: Window OFF 
control bit 1: Window ON 
OC37 CDOSD mode 0: Window OFF 
window control bit 1: Window ON 


Note: Color palette 8 is always selected for solid space (when OUT1 output is 
selected), regardless of value of this register. 


Figure 2.16.29 OSD control register 3 
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b7 b6 b5 b4 b3 b2 b1 b0 b7 b6 b5 b4 b3 b2 bt bd 


Figure 2.16.30 Color palette register 
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When reset 
Indeterminate 


Addresses 
Even addresses within addresses 024016 to 024D16, 
Odd addresses within addresses 024016 to 024Di16 
Even addresses within addresses 024E16 to 025Bie, 
Odd addresses within addresses 024E16 to 025B16 


Symbol 
CRi (i = 1 to 7) 


CRi (i = 8 to 15) Indeterminate 


ive) 
on 


=2320COA30 05 
roy 


=0o-A-0-0-08 


CRi_2 to CRi_0| R signal output 

control bits :Vss 
:1/7Vcc 
1 2/7Vcc 
:3/7Vcc 
2 4/7Vcc 
:5/7Vcc 
:6/7Vcc 
: Voc 


sae es SB OOCCOCS 


Nothing is assined. 
In an attempt to write to this bit, write “0.” 
The value, if read, turns out to be indeterminate. 


CRi_6 to CRi_4] G signal output 
control bits :Vss 
2 1/7Vcc 
1 2/7Vcc 
:3/7Vcc 
2 4/7Vcc 
:5/7Vcc 
:6/7Vcc 
: Vcc 


=0o-0-0=08 


Nothing is assined. 
In an attempt to write to this bit, write “0.” 
The value, if read, turns out to be indeterminate. 


CRi_10 to CRi_8] B signal output 

control bits :Vss 
:1/7Vcc 
1 2/7Vcc 
:3/7Vcc 
2 4/7Vcc 
:5/7Vcc 
:6/7Vcc 
: Voc 


=o-0-0-08 


Nothing is assined. 
In an attempt to write to this bit, write “0.” 
The value, if read, turns out to be indeterminate. 


CRi_12 0: No output 


1: Output 


OQUT1 signal output 
control bit 


Nothing is assined. 
In an attempt to write to this bit, write “0.” 
The value, if read, turns out to be indeterminate. 


i (i= 1 to 7, 9 to 15) 
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2.16.9 OUT1, OUT2 Signals 
The OUT1, OUT2 signals are used to control the luminance of the video signal. The output waveform of 
the OUT1, OUT2 signals is controlled by bit 6 of the color palette register i (refer to Figure 2.16.30), bits 
0 to 2 of the block control register i (refer to Figure 2.16.4) and RC17 of OSD RAM. The setting values for 
controlling OUT1, OUT2 and the corresponding output waveform is shown in Figure 2.16.31. 


Conditions 


OUT1 signal output control bit 
note 2 


OUT2 output Border output ee no} 
control bit12(CRi12) of color pallet Output 


(RC 17 of register i Wuaarorin 
OSD RAM) Background | Character |“@V°!° 


No output 


OUT1 
signal 


Output 
(See note 1) 


OUT2 
signal 


Notes 1: This control is only valid in the OSDS/P mode. It is invalid in CC/CDOSD/OSDL mode . 
2: In the CDOSD mode, coloring is performed for each dot. Accordingly, OUT1 outputs to dots 
which bit 12 (CRi12) of the color pallet register i is set to “0.” 
3: OUT2 cannot be output in sprite OSD. 
4: X is an arbitrary value. 


Figure 2.16.31 Setting value for controlling OUT1, OUT2 and corresponding output waveform 
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2.16.10 Attribute 
The attributes (flash, underline, italic fonts) are controlled to the character font. The attributes for each 
character are specified by RC14 to RC16 of OSD RAM (refer to Figure 2.16.26). The attributes to be 
controlled are different depending on each mode. 
CC mode..........ccees Flash, underline, italic for each character 
OSDS/P mode .......... Border (all bordered, shadow bordered can be selected) for each block 


(1) Under line 
The underline is output at the 23rd and 24th lines in vertical direction only in the CC mode. The 
underline is controlled by RC16 of OSD RAM. The color of underline is the same color as that of the 
character font. 


(2) Flash 
The parts of the character font, the underline, and the character background are flashed only in the CC 
mode. The flash for each character is controlled by RC15 of OSD RAM. The ON/OFF for flash is 
controlled by bit 3 of the OSD control register 1 (refer to Figure 2.16.3). When this bit is “0, ” only 
character font and underline flash. When “1,” for a character without solid space output, R, G, B and 
OUT1 (all display area) flash, for a character with solid space output, only R, G, and B (all display 
area) flash. The flash cycle bases on the VSYNC count. 

<NTSC method> 
@ When bit4=“0” = - VsyNc cycle X 24 =~ 400 ms (at flash ON 
- VSYNC cycle X 8 = 133 ms (at flash OFF 
M@ When bit4=“1” =. VsyNnc cycle X 48 = 800 ms (at flash ON 
- VSYNC cycle X 8 = 133 ms (at flash OFF 


~~ «HS wa 


(3) Italic 
The italic is made by slanting the font stored in OSD ROM to the right only in the CC mode. The italic 
is controlled by RC14 of OSD RAM. 


The display example attribute is shown in Figure 2.16.33. In this case, “R” is displayed. 
Notes 1: When setting both the italic and the flash, the italic character flashes. 

2: When a flash character (with flash character background) adjoin on the right side of a non- 
flash italic character, parts out of the non-flash italic character is also flashed. 

3: OUT2 is not flashed. 

4: When the pre-divide ratio = 1, the italic character with slant of 1 dot X 5 steps is displayed ; 
when the pre-divide ratio = 2, the italic character with slant of 1/2 dot X 10 steps is displayed 
(refer to Figure 2.16.32 (c), (d)). However, when displaying the italic character with the pre- 
divide ratio = 1, set the OSD clock frequency to 11 MHz to 14 MHz. 

5: The boundary of character color is displayed in italic. However, the boundary of character 
background color is not affected by the italic (refer to Figure 2.16.33). 

6: The adjacent character (one side or both side) to an italic character is displayed in italic even 
when the character is not specified to display in italic (refer to Figure 2.16.33). 

7: When displaying the 32nd character (in 32-character mode)/42nd character (in 42-character 
mode) in the italic and when solid space is off (OC 14 = “O”), parts out of character area is not 
displayed (refer to Figure 2.16.33). 
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Color code 1 


Bit 6 Bit 4 


Color code 1 


Bit 6 Bit 4 


Color code 1 


Bit 6 Bit 4 


Color code 1 


Bit 6 


Bit 4 


(c) Italic (pre-divide ratio = 1) d) Under line and Itali 


\ 


pre-divide ratio = 2) 


/ 


\ 
N 


7 
= 


Color code 


Bit 5 
(RC 15) 


OFF 


Under line and Italic and flash 


Figure 2.16.32 Example of attribute display (in CC mode) 
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26th chracter 32nd chracter 
(Refer to “12.16.10 Notes 5, 6”) (Refer to “12.16.10 Notes 6, 7”) 


Bit 4 of color 
code 1 y 0 0 
Notes 1: The dotted line is the boundary of character color. 
2 : When bit 4 of OSD control register 1 is “0.” 


Figure 2.16.33 Example of italic display 
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(4) Border 
The border is output in the OSDS/P mode. The all bordered (bordering around of character font) and 
the shadow bordered (bordering right and bottom sides of character font) are selected (refer to Figure 
2.16.34) by bit 2 of the OSD control register 1 (refer to Figure 2.16.3). The ON/OFF switch for borders 
can be controlled in block units by bits 0 to 2 of the block control register i (refer to Figure 2.16.4). 
The OUT1 signal is used for border output. The border color is fixed at color palette 8 (block). The 
border color for each screen is specified by the border color register i. 
The horizontal size (x) of border is 1Tc (OSD clock cycle divided in the pre-divide circuit) regardless of 
the character font dot size. However, only when the pre-divide ratio = 2 and character size = 1.5Tc, the 
horizontal size is 1.5Tc. The vertical size (y) different depending on the screen scan mode and the 
vertical dot size of character font. 


Notes 1 : The border dot area is the shaded area as shown in Figure 2.16.36. 
2 : When the border dot overlaps on the next character font, the character font has priority 
(refer to Figure 2.16.37 A). When the border dot overlaps on the next character back 
ground, the border has priority (refer to Figure 2.16.37 B). 
3 : The border in vertical out of character area is not displayed (refer to Figure 2.16.38). 


All bordered Shadow bordered 


Figure 2.16.34 Example of border display 


Scan mode Normal scan mode Bi-scan mode 


Vertical dot size of 
character: ont 1/2H 1H, 2H, 3H 1/2H, 1H, 2H, 3H 


1Tc (OSD clock cycle divided in pre-divide circuit) 


Horizontal size (x) 1.5Tc when selecting 1.5Tc for character size. 


Vertical size (y) 1/2H 1H 1H 


Figure 2.16.35 Horizontal and vertical size of border 
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OSDS/L/P mode 


16 dots. 


Character | 
font area 


1 dot width of border 1 dot width of border 1 dot width of border 1 dot width of border 


Figure 2.16.36 Border area 


Character boundary Character boundary Character boundary 
B A B 


Figure 2.16.37 Border priority 
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2.16.11 Automatic Solid Space Function 


This function generates automatically the solid space (OUT1 or OUT2 blank output) of the character area 
in the CC mode. 


The solid space is output in the following area : 

« the character area except character code “00916 ” 

ethe character area on the left and right sides 

This function is turned on and off by bit 4 of the OSD control register 1 (refer to Figure 2.16.3). 
OUT1 or OUT2 output is selected by bit 3 of the OSD control register 2. 


Notes 1: When selecting OUT1 as solid space output, character background color with solid space 


output is fixed to color palette 8 (black) regardless of setting. 
2: When selecting any font except blank font as the character code “00916,” the set font is output. 


Table 2.16.10 Setting for automatic solid space 


Bit 4 of OSD control register 1 0 1 
Bit 3 of OSD control register 2 0 1 0 1 
RC17 of OSD RAM 0 1 0 1 0 1 0 1 
OUT1 output signal *Character font area Character font area *Solid space area *Character font area 
*Character background | «Character background *Character background 
area area area 
OUT2 output signal 
*Character *Character «Character ‘ *Solid space 
OFF display area OFF display areal OFF | Gisplay areal’ SO! Space! character 
display area 


When setting the character code “00516” as the character A, “00616” as the character B. 


(OSD RAM) 


iS te a aa a Sta et eas ie tise es Far gS Se ae eS a 
1 


005 009 009 009 006 006 - - - 006 
916 16 16, 16 16 Ae = 


(Display screen) 


1st 2nd P 32nd character (in 32-character mode) 
character character No solid space 


42nd character (in 42-character mode) 
output 


Figure 2.16.38 Display screen example of automatic solid space 
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2.16.12 Particular OSD Mode Block 
This function can display with mixing the fonts below within the OSDP mode block. 
<horizontal dot structure with vertical dot structure of 20 dots> 
* 16 dots 
¢ 12 dots 
* 8 dots 
«4 dots 
Each font is selected by a character code. Figure 2.16.39 shows the display example of particular OSD 
mode block and Table 2.16.11 shows the corresponding between character codes and display fonts. 


Note: As for 8 X 20-dot and 4 X 20-dot fonts, only these character background color can be displayed. 
And also, any character is not displayed on the right side area nor any following areas of these 
fonts. 


Any character is not displayed on the right side area nor any following areas of this font. 


‘ 16 dots 12 dots 16 dots ge 16 dots ve 16 dots sie 16 dots 12 dots 16 dots gi 16 dots ao dedota 


OSDP mode 


112 dots , 16 dots ,12dots 16dots . 16dots . i6dots . 16dots . 16dots . 


OSDP mode J 


i 16 dots ss 16 dots ve 16 dots ee 16 dots we 16 dots ss 16 dots ve 16 dots a 16 dots le 16 dots 8 dots; 


OSDP mode Vf 


Any character is not displayed on the right side area nor any following areas of this font. 


Figure 2.16.39 Display example of OSD mode block 
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Table 2.16.11 Corresponding between character codes and display fonts 


Character code Display fonts Notes 
\ 16 dots 

00016 to OEF16, 4 
10016 to 2FF16 
(except 10016, 18016, o 
20016, 28016) sin | 

ml 
OF016 to OFD16 ee ee * The left 12-dot part (16 X 12 dots) of set 

‘ font is displayed. 


Not displayed 
/ «In CC and OSDS modes, entire part 
(16 X 20 dots) of set font is displayed. 


20 dots 


Bois, * The blank font (only character background) 


3FE16 <8 dots_,! 


of is displayed. 


« Any character is not displayed on the right 
side area nor any following areas of this 
font. 


20 dots 


* Do not set this font for the 1st character 
(left edge) of a block. 


14 dots | 
3FF1 7s * The blank font (only character background) 
° is displayed. 


* Any character is not displayed on the right 
side area nor any following areas of this 
font. 


20 dots 


* Do not set this font for the 1st character 
(left edge) of a block. 
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2.16.13 Multiline Display 

This microcomputer can ordinarily display 16 lines on the CRT screen by displaying 16 blocks at different 
vertical positions. In addition, it can display up to 16 lines by using OSD1 interrupts. 
An OSD1 interrupt request occurs at the point at which display of each block has been completed. In 
other words, when a scanning line reaches the point of the display position (specified by the vertical 
position registers) of a certain block, the character display of that block starts, and an interrupt occurs at 
the point at which the scanning line exceeds the block. The mode in which an OSD1 interrupt occurs is 
different depending on the setting of the OSD control register 2 (refer to Figure 2.16.7). 
¢ When bit 7 of the OSD control register 2 is “O” 

An OSD1 interrupt request occurs at the completion of layer 1 block display. 
¢ When bit 7 of the OSD control register 2 is “1” 

An OSD1 interrupt request occurs at the completion of layer 2 block display. 


Notes 1: An OSD1 interrupt does not occur at the end of display when the block is not displayed. In other 
words, if a block is set to off display by the display control bit of the block control register | 
(addresses 021016 to 021F16), an OSD1 interrupt request does not occur (refer to Figure 
2.16.41 (A)). 

2: When another block display appears while one block is displayed, an OSD1 interrupt request 
occurs only once at the end of the another block display (refer to Figure 2.16.40 (B)). 

3: On the screen setting window, an OSD1 interrupt occurs even at the end of the CC mode block 
(off display) out of window (refer to Figure 2.16.40 (C)). 


Block 1 (on display) Block 1 (on display) 


--:s"OSD1 interrupt request” aie “OSD1 interrupt request 


Block 2 (on displa Block 2 (on displa “ i ” 
( play) --7--2"OSD1 interrupt request” ( Bey) a Ole SSO Vinterreph request 


Block 3 (on display) 


; i _ No 
~~**QSD1 interrupt request” """7-"* *OSD1 interrupt request” 
Block 4 (on display) 


[~-*OSD1 interrupt request” p No | 
“OSD1 interrupt request” 


On display (OSD1 interrupt request occurs Off display (OSD1 interrupt request does 
at the end of block display) not occur at the end of block display) 


-<=>"OSD1 interrupt request” 


--» “OSD1 interrupt request” 


Block 1 
_ No 
Block 2 --7-2 “OSD1 interrupt request” 
--7>> “OSD1 interrupt request” 


-->“OSD1 interrupt request” 
Window 


Figure 2.16.40 Note on occurrence of OSD1 interrupt 
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2.16.14 SPRITE OSD Function 
This is especially suitable for cursor and other displays as its function allows for display in any position, 
regardless of the validity of block OSD displays or display positions. SPRITE font consists of 2 charac- 
ters: SPRITE fonts 1 and 2. Each SPRITE font is a RAM font consisting of 32 horizontal dots X 20 vertical 
dots, 4 planes, and 4 bits of data per dot. Each plane has corresponding color palette selection bit, and 
16 kinds of color palettes can be selected by the plane bit combination (three bits) for each dot. The color 
palette is set in dot units according to the OSD RAM (SPRITE) contents from among the selection range. 
It is possible to add arbitrary font data by software as the SPRITE fonts consist of RAM font. 
The SPRITE OSD control register can control SPRITE display and dot size. The display position can 
also be set independently of the block display by the SPRITE horizontal position registers and the sprite 
horizontal vertical position registers. The vertical fonts 1 and 2 can be set independently. An OSD inter- 
rupt request occurs at each completion of font display. The horizontal position is set in 2048 steps in 
2TOsc units, and the vertical position is set in 1024 steps in 1TH units. 
When SPRITE display overlaps with other OSD displays, SPRITE display is always given priority. How- 
ever, the SPRITE display overlaps with the display which includes OUT2 output, OUT2 in the OSD is 
output without masking. 


Notes 1: The SPRITE OSD function cannot output OUT2. 
2: When using SPRITE OSD, do not set HS < “00316”, HS = “80016.” 
3: When using SPRITE OSD, do not set VSi = “00016,” VSi = “40016.” 
4: When displaying with SPRITE fonts 1 and 2 overlapped, the SPRITE font with a larger set value 
as the vertical display start position is displayed. When the set values of the vertical display 
start position are the same, the SPRITE font 1 is displayed. 


dot dot 


SPRITE font 1 


Video adjustment 


Tint 
Line 20 Contrast 
‘ine’ Color tone 
Picture 


Brightness == 
SPRITE font 2 


Example of SPRITE display 


Line 20 


Example of SPRITE font 


Figure 2.16.41 SPRITE OSD display example 
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SPRITE OSD control register 


b7 b6 b5b4.b3 b2b1 b0 Address When reset 
020116 XXX000002 


: Bit symbol Function 


SCO SPRITE font 1 0: Do not display 
control bit 1: Display 
Pre-divide ratio 0: Pre-divide ratio 1 
SC2 


selection bit 1: Pre-divide ratio 2 


Dot size selection 0:1Tc X 1/2H 


bits 1:1Tc X 1H 
0: 2Tc X 1H 
1:2Tc X 2H 


SPRITE font 2 0: Do not display 
control bit 1: Display 


Nothing is assigned. 
In an attempt to write to these bits, write “O.” 
The value, if read, turns out to be “0.” 


Notes 1: Tc is OSD clock cycle divided in pre-divide circuit. 
2: H is HSYNC 


Figure 2.16.42 SPRITE OSD control register 
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SPRITE horizontal position register 


(b15) (b8) 
b7 b6 b5 b4 b3 b2 bi bO b7 b6 bd b4 b3 b2 bi bd 
Address When reset 


027916, 027816 Indeterminate 


Horizontal display start position = 2Tosc X n 


position control bits of (n: setting value, Tosc: OSD oscillation cycle) 
SPRITE font 


Nothing is assined. 
In an attempt to write to this bit, write “0.” 
The value, if read, turns out to be indeterminate. 


Note : Do not set HS < “00316,” HS = “80016.” 


Figure 2.16.43 SPRITE horizontal position register 


SPRITE vertical position register i 


(b15) (b8) 
b7 b6 b5 b4 b3 b2 bi bO b7 b6 bd b4 b3 b2 bi bd Address When reset 
027516, 027416 Indeterminate 
027716, 027616 Indeterminate 


Vertical display start position = TH Xn 


position control bits of (n: setting value, TH: Hsync cycle) 
SPRITE font i (i = 1, 2) 


Nothing is assined. 
In an attempt to write to this bit, write “0.” 
The value, if read, turns out to be indeterminate. 


Note : Do not set VSi = “00016,” VSi = “40016” (i = 1, 2). 


Figure 2.16.44 SPRITE vertical position register i (i = 1, 2) 
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2.16.15 Window Function 
The window function can be set windows on-screen and output OSD within only the area where the 
window is set. 
The ON/OFF for vertical window function is performed by bit 5 of the OSD control register 1 and is used 
to select vertical window function or vertical blank function by bit 6 of the OSD control register 2. Accord- 
ingly, the vertical window function cannot be used simultaneously with the vertical blank function. The 
display mode to validate the window function is selected by bits 5 to 7 of the OSD control register 3. The 
top border is set by the top border control register (TBR) and the bottom border is set by the bottom 
border control register (BBR). 
The ON/OFF for horizontal window function is performed by bit 4 of the OSD control register 2 and is 
used interchangeably for the horizontal blank function with bit 5 of the OSD control register 2. Accord- 
ingly, the horizontal blank function cannot be used simultaneously with the horizontal window function. 
The display mode to validate the window function is selected by bits 5 to 7 of the OSD control register 3. 
The left border is set by the left border control register (LBR), and the right border is set by the right 
border control register (RBR). 


Notes 1: Horizontal blank and horizontal window, as well as vertical blank and vertical window can not be 
used simultaneously. 
2: When the window function is ON by OSD control registers 1 and 2, the window function of 
OUT2 is valid in all display mode regardless of setting value of the OSD control register 3 (bits 
5 to 7). For example, even when make the window function valid in only CC mode, the function 
of OUT2 is valid in OSDS/L/P and CDOSD modes. 
3: As for SPRITE display, the window function does not operate. 


Left border Right border 
of window , 1 of window 


Window 


Top border 
of window 


a 


CDOSD mode 


CC mode Window 


Ee a Se = I SO oe ee ee ae ee oe 


OSDS/L/P mode ‘ 
xX _ Y Bottom border 
of window 


Screen 


Figure 2.16.45 Example of window function (When CC mode is valid) 
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2.16.16 Blank Function 


and ON-SCREEN DISPLAY CONTROLLER 


The blank function can output blank (OUT1) area on all sides (vertical and horizontal) of the screen. This 
provides the blank signal, wipe function, etc., when outputting a 3 : 4 image on a wide screen. 

The ON/OFF for vertical blank function is performed by bit 5 of the OSD control register 1 and is used to 
select vertical window function or vertical blank function by bit 6 of the OSD control register 2. Accord- 
ingly, the vertical blank function cannot be used simultaneously with the vertical window function. The top 
border is set by the top border control register (TBR), and the bottom border is set by the bottom border 


control register (BBR), in 1H units. 


The ON/OFF for horizontal blank function is performed by bit 4 of the OSD control register 2 and is used 
interchangeably for the horizontal window function with bit 5 of the OSD control register 2 . Accordingly, 
the horizontal blank function cannot be used simultaneously with the horizontal window function. The left 
border is set by the left border control register (LBR) and the right border is set by the right border control 


register (RBR), in 4TOSC units. 


The OSD output (except raster) in area with blank output is not deleted. 
These blank signals are not output in the horizontal/vertical blanking interval. 


Notes 1. Horizontal blank and horizontal window, as well as vertical blank and vertical window can not be 


used simultaneously. 


2. When using the window function, be sure to set “1” to bit 0 of OSD control register 1. 


B 


Blank output 
signal in 


=n 


microcomputer 


Output example of horizontal blank 


Blank output 
signal in 
OUT1 B microcomputer 


Output example of top and vertical blank 


Figure 2.16.46 Blank output example (when OSD output is B + OUT1) 
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Top border control register 


(b15) (b8) 
b7 b6 b5 b4 b3 b2 bi bO b7 b6 bd b4 b3 b2 bi b0 Address When reset 
020D16, 020C16 Indeterminate 


TBR_9 to TBR_0| Top border control bits | Top border position = TH X n 
(n: setting value, TH: Hsync cycle) 


Nothing is assined. 
In an attempt to write to this bit, write “0.” 
The value, if read, turns out to be indeterminate. 


Notes 1 : Do not set TBR < “00116,” TBR = “40016.” 
2: Set as TBR < BBR. 


Figure 2.16.47 Top border control register 


Bottom border control register 


(b15) (b8) 
b7 b6 b5 b4 b3 b2 b1 bO b7 b6 bd b4 b3 b2 b1 b0 Address When reset 
020F 16, 020E16 Indeterminate 


| 


BBR_9 to BBR_0| Bottom border control bits} Bottom border position = TH X n 


(n: setting value, TH: Hsync cycle) 


Nothing is assined. 
In an attempt to write to this bit, write “0.” 
The value, if read, turns out to be indeterminate. 


Notes 1 : Do not set BBR = “40016.” 
2: Set as TBR < BBR. 


Figure 2.16.48 Bottom border control register 
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Left border control register 


(b15) (b8) 
b7 b6 b5 b4 b3 b2 bi b0 b7 b6 bd b4 b3 b2 bi bd Address When reset 
027116, 027016 XXXXX000000000012 


| 


LBR_10 to LBR_0} Left border control bits Left border position = 4Tosc X n 


(n: setting value, Tosc: OSD oscillation cycle) 


Nothing is assined. 
In an attempt to write to this bit, write “0.” 
The value, if read, turns out to be indeterminate. 


Notes 1 : Do not set LBR < “00316,” LBR = “80016.” 
2: Set as LBR < RBR. 


Figure 2.16.49 Left border control register 


Right border control register 


(b15) (b8) 
b7 b6 b5 b4 b3 b2 b1 b0 b7 b6 b5 b4 b3 b2 b1 b0 Address When reset 
027316, 027216 XXXXX000000000002 


RBR_10 to RBR_0| Right border control bits | Left border position = 4Tosc X n 
(n: setting value, Tosc: OSD oscillation cycle) 


Nothing is assined. 
In an attempt to write to this bit, write “0.” 
The value, if read, turns out to be indeterminate. 


Notes 1 : Do not set RBR = “80016.” 
2: Set as LBR < RBR. 


Figure 2.16.50 Bottom border control register 
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2.16.17 Raster Coloring Function 
An entire screen (raster) can be colored by setting the bits 6 to 0 of the raster color register. Since each of 
the R, G, B, OUT1, and OUT2 pins can be switched to raster coloring output, 512 raster colors can be 
obtained. 
When the character color/the character background color overlaps with the raster color, the color (R, G, 
B, OUT1, OUT2), specified for the character color/the character background color, takes priority of the 
raster color. This ensures that the character color/the character background color is not mixed with the 
raster color. 
The raster color register is shown in Figure 2.16.51, the example of raster coloring is shown in Figure 
2.16.52. 


Note: Raster is not output to the area which includes blank area. 


Raster color register 


(b15) (b8) 
b7 b6 b5 b4 b3 b2 bi b0 b7 b6 bd b4 b3 b2 b1 bO Address When reset 
020916, 020816 000016 


Bit symbol Bit name Function 


RSC2 to RSCO] R singnal output 
control bits 


iow 
i} 
om 
om 


=o-cA0-A08 


:Vss 

:1/7Vcc 
:2/7Vcc 
:3/7Vcc 
:4/7Vcc 
:5/7Vcc 
:6/7Vcc 
: Vec 


aa4uuc00”0 
aA3AucoAA0o2 


Nothing is assined. 
In an attempt to write to this bit, write “0.” 
The value, if read, turns out to be indeterminate. 


RSC6 to RSC4] G singnal output 

control bits :Vss 
:1/7Vcc 
:2/7Vcc 
:3/7Vcc 
:4/7Vcc 
:5/7Vcc 
:6/7Vcc 
: Vec 


4. 
0 
1 
0 
1 
0 
1 
0 
1 


Nothing is assined. 
In an attempt to write to this bit, write “0.” 
The value, if read, turns out to be indeterminate. 


RSC10 to RSC8] B singnal output 

control bits : Vss 
:1/7Vcc 
:2/7Vcc 
:3/7Vcc 
:4/7Vcc 
:5/7Vcc 
:6/7Vcc 
: Vec 


=Ao-A0cA0A08 


Nothing is assined. 
In an attempt to write to this bit, write “0.” 
The value, if read, turns out to be indeterminate. 


OUT1 singnal output 0: No output 
control bit 1: Output 


RSC13 OUT2 singnal output 
control bit 


Nothing is assined. 
In an attempt to write to this bit, write “0.” 
The value, if read, turns out to be indeterminate. 


Figure 2.16.51 Raster color register 
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: Character color “RED” (R and OUT1) 

: Border color “BLACK” (OUT1) 

: Background color “MAGENTA” (R, B and OUT1) 
4 : Raster color “BLUE” (B and OUT1) 


<A 


HsyYNc 
OUT1 Pee 
+ i | Signals 
R across 
A-A' 


ee __e 


B 


<At horizontal blank output> 


: Character color “RED” (R and OUT1) 

: Border color “BLACK” (OUT1) 

: Background color “MAGENTA” (R, B and OUT1) 
: Raster color “BLUE” (B and OUT1) 

: Horizontal blank (OUT1) 


Signals 
across 
A-A' 


Blank control 
signal in 
microcomputer 


Figure 2.16.52 Example of raster coloring 
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2.16.18 Scan Mode 
This microcomputer has the bi-scan mode for corresponding to HSYNC of double speed frequency. In the 
bi-scan mode, the vertical start display position and the vertical size is two times as compared with the 
normal scan mode. The scan mode is selected by bit 1 of the OSD control register 1 (refer to Figure 


2.16.3). 
Table 2.16.12 Setting for scan mode 
Parameter Scan Mode Normal Scan Bi-Scan 
Bit 1 of OSD control register 1 0 1 
Vertical display start position Value of vertical position register X 1H Value of vertical position register X 2H 
Vertical dot size 1Tc X 1/2H 1Tc X 1H 
1Tc X 1H 1Tc X 2H 
2Tc X 2H 2Tc X 4H 
3Tc X 3H 3Tc X 6H 


2.16.19 R, G, B Signal Output Control 
The form of R, G, B signal output is controlled by bit 2 of the OSD control register 2 as the table below. 


Table 2.16.13 R, G, B signal output control 


Bit 2 of OSD control register 2 Form of R, G, B signal output 
0 
1 


Each R, G, B pin outputs 2 values (digital output). 
Each R, G, B pin outputs 8 values (analog output). 
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2.16.20 OSD Reserved Register 


OSD reserved register i (i=1, 2) 


b7 b6 b5 b4 b3 b2 bi bO 


oS 2 ae 


OR2 027C16 0016 


Figure 2.16.53 OSD reserved register i (i=1, 2) 


OSD reserved register 3 


b7 b6 b5 b4 b3 b2 b1 bO 


fofofofofo]ofofo Symbol Address When reset 
anenenee OR3 027B16 Xx0000002 
| Bitsymbol 


Reserved bits Mest always be set to “O” 


Figure 2.16.54 OSD reserved register 3 


OSD reserved register 4 


b7 b6 b5 b4 b3 b2 b1_ b0 


ee 


| [Bit symbol 
i Reserved bit Mest always be set to “1” Lolo | 
Reserved bits Mest always be set to “O” — 


Reserved bit Mest always be set to “0” 


Figure 2.16.55 OSD reserved register 4 
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2.17 Programmable I/O Ports 
There are 46 programmable I/O ports: POo—P07, P20o—P27, P30—P37, P40—P43, P50, P52, P53, P62, P63, 
P67, P70—P72, P74, P76, P82, P90, P93, P94, P100 and P101. Each port can be set independently for input 
or output using the direction register. A pull-up resistance for each block of 4 ports can be set. 
Figures 2.17.1 to 2.17.3 show the programmable I/O ports. 
Each pin functions as a programmable I/O port and as the I/O for the built-in peripheral devices. 
To use the pins as the inputs for the built-in peripheral devices, set the direction register of each pin to input 
mode. When the pins are used as the outputs for the built-in peripheral devices (other than the D-A con- 
verter), they function as outputs regardless of the contents of the direction registers. When pins are to be 
used as the outputs for the D-A converter, do not set the direction registers to output mode. See the 
descriptions of the respective functions for how to set up the built-in peripheral devices. 


2.17.1 Direction Registers 


Figures 2.17.5 to 2.17.12 show the direction registers. 
These registers are used to choose the direction of the programmable I/O ports. Each bit in these regis- 
ters corresponds one for one to each I/O pin. 


(1) Effect of the protection register 
Data written to the direction register of P9 is affected by the protection register. The direction register 
of P9 cannot be easily written. 


2.17.2 Port Registers 
Figures 2.17.13 to 2.17.20 show the port registers. 
These registers are used to write and read data for input and output to and from an external device. A 
port register consists of a port latch to hold output data and a circuit to read the status of a pin. Each bit 
in port registers corresponds one for one to each I/O pin. 


(1) Reading a port register 
With the direction register set to output, reading a port register takes out the content of the port regis- 
ter, not the content of the pin. With the direction register set to input, reading the port register takes out 
the content of the pin. 


(2) Writing to a port register 
With the direction register set to output, the level of the written values from each relevant pin is output 
by writing to a port register. Writing to the port register, with the direction register set to input, inputs a 
value to the port register, but nothing is output to the relevant pins. The output level remains floating. 
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2.17.3 Pull-up Control Registers 
Figures 2.17.24 to 2.17.26 show the pull-up control registers. 
The pull-up control register can be set to apply a pull-up resistance to each block of 4 ports. When ports 
are set to have a pull-up resistance, the pull-up resistance is connected only when the direction register is 
set for input. 
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Direction register 
POo-P07, 
P20-P27, 
P30-P32, <] ry rS 
P50-P53 


Data bus ——_@—_J Port latch 


Pull-up selection 

P34, P35, Direction register a — ea 
P62, © 
P90, f 

P100, P101 <] e ° 


Data bus-——_@_ Port latch 


Input to respective peripheral functions Gf 


P33, P82 Pull-up selection 
Direction register = 
<| & os 


Data bus —__@——_J Port latch 


Input to respective peripheral functions | Gf 


shea k----- symbolizes a parasitics diode. 
Do not apply a voltage higher than Vcc each port. 


Figure 2.17.1 Programmable I/O ports (1) 
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Pull-up selection 


Direction register |» 


J 


P63, 
P74, P76 


eee 
‘O 


Data bus ——@ Port latch ] 


Pull-up selection 


Direction register |_@ 
“yo Sey 
< nd 0; 
Output ! 
Data bus —_@— Port latch 
] 


Input to respective peripheral functions 


Direction register 


cea ae 


Data bus —_@_| Port latch | 


Input to respective peripheral functions 


P70, P71 


Dorreeee k----- symbolizes a parasitics diode. 
Do not apply a voltage higher than Vcc each port. 


Figure 2.17.2 Programmable I/O ports (2) 
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Pull-up selection. 


P36, P37, 
P40-P43 


Direction register 


Data bus ——-@¢——] Port latch 


Analog input 


SDA3, SCL3 select [poy 


Pull-up selection 


D-A output enabled 


Direction register 


€ <] ease * 


Output —o ! 


P93,P94 


Data bus ee Port latch | oO ~o. 


— 
— 


Input to respective peripheral functions <I 


Analog output O-6- 
D-A output enabled 


SDA2, SCL2 select 


P67, P72 


Pull-up selection 


Direction register 


=< 


Data bus ——@—{ Port latch 


Input to respective peripheral functions Gf 


=, eet K¢----- symbolizes a parasitics diode. 
Do not apply a voltage higher than Vcc each port. 


Figure 2.17.3 Programmable I/O ports (3) 
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OUT1, OUT2 


Internal circuit 


: : Internal circuit 


CNVss 


CNVss signal input Z| 


RESET 
RESET signal input << 


Rotte Hens: symbolizes a parasitic diode. 
Don't apply a voltage higher than Vcc to each pin. 
2: A parasitic diode on the Vcc side is added to the mask ROM version. 
Don't apply a voltage higher than Vcc to each pin. 


Figure 2.17.4 I/O pins 
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Port Pi direction register 


b7 b6 bS b4 b3 b2 bi b0 


y Address When reset 
[CLLLLLL 1] poe- 036216, OSEere O3ETI6 
! [Biteymbol 


(POLO [Por Pio direction reiser_| 
is uneioee as an input port) 
1 : Output mode 

PDi_3 (Functions as an output port) 
('=0,2,3) 

[PDL6 | Por Pie direction register | 


Port Piz direction register 


Figure 2.17.5 Port Pi direction register (i = 0, 2, 3) 


Port P4 direction register 


oa hare 


Bit symbol Bit name Function 


"1 PD4_0 Port P40 direction register | Q : Input mode 


or : (Functions as an input port) 
PD4_1 Port P41 direction register | 4 : Output mode 
Functions as an output port 
PD4_2 Port P42 direction register (Pune! uIpUL pon) 
PD4 3 Port P43 direction register 


Reserved bits Must always be set to “1” 


Figure 2.17.6 Port P4 direction register 
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Port P5 direction register 


b7 b6 bS5 b4 b3 b2 bi b0 


PTT ELL EL] “tos° “GER 16 a oi 


Port P50 direction register | 0 : Input mode 
(Functions as an input port) 
: Output mode 
(Functions as an output port) 


Reserved bit Must always be set to “1” == 


PD5 2 Port P52 direction register | 0 : Input mode 
(Functions as an input port) 


1 : Output mode O'O 
PD5_3 Port P53 direction register (Functions as an output port) O 
Reserved bit Must always be set to “1” 0.0] 


Port P55 direction register | 0 : Input mode 
(Functions as an input port) 
1 : Output mode 
(Functions as an output port) 


Reserved bits Must always be set to “1” O19} 


Figure 2.17.7 Port P5 direction register 


Port P6 direction register 
b7 b6 b5 b4 b3 b2 bi bd 
Symbol Address When reset 
Pty YT felt} “bbe 03EE 16 0016 
: [Bit symbol 


Reserved bit Must always be set to “1” 0] 
Reserved bit Must always be set to “O” eo 


PD6_2 Port P62 direction register | 0 : Input mode 
(Functions as an input port) 


1 : Output mode 
PD6_3 Port P63 direction register (Functions as an output port) | 
Reserved bit Must always be set to “1” - 


Port P67 direction register | 0 : Input mode 
(Functions as an input port) 
1 : Output mode 
(Functions as an output port) 


Figure 2.17.8 Port P6 direction register 
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Port P7 direction register 


b7 b6 b5 b4 b3 b2 bi b0 


Oe 2 Ca oe When reset 


: | Bit symbol 
"7 PD7_0 Port P70 direction register : Input mode 
PD7_1 Port P71 direction register 1: functions as a 
PD7_2 Port P72 direction register (Functions as an output port) 
inten [99 


Port P74 direction register | 0 : Input mode 
(Functions as an input port) 
: Output mode 
(Functions as an output port) 


Reserved bit Must always be set to “O” 0:0] 


Port P76 direction register : Input mode 
(Functions as an input port) 
1 : Output mode 
(Functions as an output port) 


Reserved bit Must always be set to “O” 9/9} 


Figure 2.17.9 Port P7 direction register 


Port P8 direction register 


b7_b6 b5 b4 b3_b2 bi bd Symbol WNnGnSeat 
Die] [ele] “rps 00x000002 


: | Bit symbol Bit name 
“7 Reserved bits Must always be set to “O” 0] 


Port P82 direction register | 0 : Input mode 
(Functions as an input port) 
: Output mode 
(Functions as an output port) 


Reserved bit Must always be set to “O” jO.O| 
Reserved bit Must always be set to “1” loo 


Nothing is assigned. 
In an attempt to write to these bits, write “0.” 
The value, if read, turns out to be indeterminate. 


Reserved bits Must always be set to “1” 


Figure 2.17.10 Port P8 direction register 
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Port P9 direction register 


b7 b6 b5 b4 b3 b2 bi b0 


Fc ee pen ee. 


Port P90 direction register | 0 : Input mode 
(Functions as an input port) 
: Output mode 
(Functions as an output port) 


Reserved bits Must always be set to “1” ee] 


PDS _3 Port P93 direction register | 0 : Input mode 
(Functions as an input port) 


ee F 1 : Output mode 
PD9_4 Port P94 direction register (Functions as an output port) Oo} 
Reserved bits Must always be set to “1” ee 


Figure 2.17.11 Port P9 direction register 


Port P10 direction register 


b7 b6 bS5 b4 b3 b2 bi b0 


fofoofo[ojoy | | “epro. ee: 


“1 PD10_0 Port P100 direction register | 0 : Input mode 
(Functions as an input port) 


: Output mode 
PD10_1 Port P101 direction register | | (Functions as an output port) 
Reserved bits Must always be set to “0” O19} 


Figure 2.17.12 Port P10 direction register 
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Port Pi register 


AI I A re Address When reset 
03E016, 03E416, 03E516 Indeterminate 


| [Bitsymbal 
HPO.” =] Port Pio register ae 
Data is input and output to and from 


Port Pit register each pin by reading and writing to [OO] 
Port Pi2 register and from each corresponding bit [elfe) 
Pont Pi sige 0: “L’ level data 
1 :*H? level data [ire] 
Port Pi4 register (exe) 
Port Pis register (i= 0, 2, 3) i) 
PiL6 Port Pie register |O'O] 
Port Pi7 register fife) 


Figure 2.17.13 Port Pi register (i = 0, 2, 3) 


Port P4 register 
b7 b6 b5 b4 b3 b2 bt b Address When reset 
TTT TTT OSES 6 indeterminate 
i i boi i tt [Bitsymbol 


‘ Port P40 register Data is input and output to and from 
Port P41 register each pin by reading and writing to 
= : and from each corresponding bit 
OM a 0 : “L” level data 
Reserved bits Must always be set to “O” loo 


Figure 2.17.14 Port P4 register 
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Port P5 register 
b7 b6 b5 b4 b3 b2 bl Syne When reset 


eel ieee Indeterminate 


 [Bisymbo 


Port P50 register Data is input and output to and from 
each pin by reading and writing to 
and from each corresponding bit 
an “L’ level data 

“H” level data 


Reserved bit Must always be set to “O” loo 


P52 Port P52 register Data is input and output to and from 
each pin by reading and writing to 
and from each corresponding bit 
P5_3 Port P53 register 0: “L” level data 
fReconedor ————=SSSSC*d Mt avays satin =O 


Port P55 register Data is input and output to and from 
each pin by reading and writing to 
and from each corresponding bit 
i “L’ level data 

“H” level data 


Reserved bits Must always be set to “O” loo 


Figure 2.17.15 Port P5 register 


Port P6 register 
b7 b6 b5 b4 b3 b2 1 Address When reset 


Poppe] | [ol] 03EC16 Indeterminate 


Sitsymbol | Bitname | -Funelion——SC*dW 


P6_2 Port P62 register Data is input and output to and from 
each pin by reading and writing to 
and from each corresponding bit 


P6_3 Port P63 register 0: “L’ level data 
1: “H” level data 
Reserved bit Must always be set to “O” lo 0] 


Port P67 register Data is input and output to and from 
each pin by reading and writing to 
and from each corresponding bit 
0: “L” level data 
1: “H” level data 


Figure 2.17.16 Port P6 register 
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Port P7 register 


b7 b6 b5 b4 b3 b2 bi 


te Address When reset 


(lel @lelela 03ED16 Indeterminate 


 [Bitsymbal 
Port P70 register Data is input and output to and from ee 
each pin by reading and writing to 
Port P71 register and from each corresponding bit joo 
0: “L’ level data 
Port P72 register 1 :“H” level data [O.0] 
Reserved bit Must always be set to “O” lo] 


Port P74 register Data is input and output to and from 
each pin by reading and writing to 
and from each corresponding bit 
0: “L” level data 
1:“H” level data 


Reserved bit Must always be set to “O” 


Port P76 register Data is input and output to and from 
each pin by reading and writing to 
and from each corresponding bit 
ne “L’ level data 

“H” level data 


Reserved bit Must always be set to “O” loo 


Note: Since P70 and P71 are N-channel open-drain ports, the data is high-impedance. 


Figure 2.17.17 Port P7 register 


Port P8 register 


b7 b6 b5 b4 b3 b2 b1 Syribal When reset 


PTeleterel-Ieia Indeterminate 


 [Beymbal 


Port P82 register Data is input and output to and from 
each pin by reading and writing to 
and from each corresponding bit 
- “L’ level data 

“H” level data 


Reserved bits Must always be set to “O” loo 


Figure 2.17.18 Port P8 register 
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Port P9 register 
b7 b6 b5 b4 b3 b2 db Address When reset 


opoyo] | [o]oy | 03F 116 Indeterminate 


Port P90 register Data is input and output to and from 
each pin by reading and writing to 
and from each corresponding bit 
ne “L’ level data 

“H” level data 


Reserved bits Must always be set to “O” Be 
P9_3 Port P93 register Data is input and output to and from 
each pin by reading and writing to 
Port PQs register ea a 
1: “H” level data 
Reserved bits Must always be set to “O” ee 


Figure 2.17.19 Port P9 register 


Port P10 register 


b7 b6 bS5 b4 b3 b2 bi b0 Symbol When reset 


Hao eoes P10 Indeterminate 
: 


*-4 P10_0 Port P100 register Data is input and output to and from 
each pin by reading and writing to 


and from each corresponding bit 
P10_1 Port P101 register 0: “L’ level data 

1: “H” level data 
Reserved bits Must always be set to “O” 0:0 


Figure 2.17.20 Port P10 register 
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Port reserved register 1 


BIE DB LDS. BAe 3 be BI BO Symbp! Address When reset 


BE cCaBee PR1 03E116 Indeterminate 


: [Bit symbol 
:. | Reserved bits Must always be set to “0” 


Figure 2.17.21 Port reserved register 1 


Port reserved register 2 
Ro a Symbpl Address When reset 


PEET TEED] Pe oaeSts a 
0 Co eee 


Reserved bits Must always be set to “1” 


Figure 2.17.22 Port reserved register 2 


Port reserved register 3 
BA RO: be bi ba be bee Symbpl Address When reset 


XKXXXXIXI?] Ps corr i 
‘[Biteymbot[_Bitname _[__Funotion [A 


|_| Reserved bit Must always be set to “O” jo;0 


Nothing is assigned. 
In an attempt to write to this bit, write “O.” 
The value, if read, turns out to be “0.” 


Figure 2.17.23 Port reserved register 3 
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Pull-up control register 0 


b7 b6 bS b4 b3 b2 bi bi 


PTT TP t tT) tro OSFCie ir 
|i 1) | | [iteymbor[Bitname _[__Funeion [RW 


‘- | PUOO POo to PO3 pull-up The corresponding port is pulled 
high with a pull-up resistor 


PUO1 P04 to P07 pull-up ne Sean: 
PU04 P20 to P23 pull-up 
PU05 P24 to P27 pull-up 
PU06 P30 to P33 pull-up 


P34 to P37 pull-up 


Figure 2.17.24 Pull-up control register 0 


Pull-up control register 1 


b7 b6 b5 b4 b3 b2 b1 b0 
eee Symbol Address When reset 
PURI 03FD16 0016 


P40 to P43 pull-up The corresponding port is pulled 
high with a pull-up resistor 
0 : Not pulled high 
1: Pulled high 


Reserved bit 
The corresponding port is pulled 
hon te ul ap eel 

1 : Pulled high 


Notes 1: Since P70 and P71 are N-channel open drain ports, pull-up is not available for them. 
2: Pull-up is not available for P6 7 and P72, when they are used as |2C-BUS interface 
ports. 


Figure 2.17.25 Pull-up control register 1 


Rev. 1.0 


side ¢ MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M306V5ME-XXXSP 
M306V5EESP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER 
and ON-SCREEN DISPLAY CONTROLLER 


Pull-up control register 2 
b7 b6 bS5 b4 b3 b2 bi b0 


MPT TTT | Pre OSFE6 aan 


Bit symbol Bit name Function 


4 PU20 P82 pull-up The corresponding port is pulled 
high with a pull-up resistor 
0 : Not pulled high 
1: Pulled high 


--7 Reserved bit Must always be set to “O” 
PU22 P90, P93 pull-up The corresponding port is pulled 
high with a pull-up resistor 
PU23 P94 pull-up 0: Not pulled high 
1: Pulled high 


Reserved bits Must always be set to “O” 


Nothing is assigned. 
In an attempt to write to these bits, write “0.” 
The value, if read, turns out to be “0.” 


Figure 2.17.26 Pull-up control register 2 
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Table 2.17.1 Example connection of unused pins in single-chip mode 


Pin name Connection 


Ports PO, P2 to P10 After setting for input mode, connect every pin to Vss or Vcc viaa 
resistor; or after setting for output mode, leave these pins open. 


XOUT (Note) Open 


AVCC Connect to Vcc 


CNVss Connect via resistor to VSS (pull-down) 


Note: With external clock input to XIN pin. 


Microcomputer 
Port PO to P10 
(Input mode) 


(Input mode) 
(Output mode) 


XOUT 


AVcc 


In single-chip mode 


Figure 2.17.27 Example connection of unused pins 
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3. USAGE PRECAUTION 
3.1 Timer A (timer mode) 

(1) Reading the timer Ai register while a count is in progress allows reading, with arbitrary timing, the 
value of the counter. Reading the timer Ai register with the reload timing gets “FFFF16”. Reading 
the timer Ai register after setting a value in the timer Ai register with a count halted but before the 
counter starts counting gets a proper value. 


3.2 Timer A (event counter mode) 


(1) Reading the timer Ai register while a count is in progress allows reading, with arbitrary timing, the 
value of the counter. Reading the timer Ai register with the reload timing gets “FFFF 16” by under- 
flow or “000016” by overflow. Reading the timer Ai register after setting a value in the timer Ai 
register with a count halted but before the counter starts counting gets a proper value. 

(2) When stop counting in free run type, set timer again. 


3.3 Timer A (one-shot timer mode) 

(1) Setting the count start flag to “O” while a count is in progress causes as follows: 
¢ The counter stops counting and a content of reload register is reloaded. 
¢ The TAiOUT pin outputs “L” level. 
¢ The interrupt request generated and the timer Ai interrupt request bit goes to “1”. 

(2) The timer Ai interrupt request bit goes to “1” if the timer's operation mode is set using any of the 
following procedures: 
* Selecting one-shot timer mode after reset. 
* Changing operation mode from timer mode to one-shot timer mode. 
* Changing operation mode from event counter mode to one-shot timer mode. 
Therefore, to use timer Ai interrupt (interrupt request bit), set timer Ai interrupt request bit to “O” 
after the above listed changes have been made. 


3.4 Timer A (pulse width modulation mode) 

(1) The timer Ai interrupt request bit becomes “1” if setting operation mode of the timer in compliance 

with any of the following procedures: 

* Selecting PWM mode after reset. 

* Changing operation mode from timer mode to PWM mode. 

* Changing operation mode from event counter mode to PWM mode. 

Therefore, to use timer Ai interrupt (interrupt request bit), set timer Ai interrupt request bit to “O” 
after the above listed changes have been made. 

(2) Setting the count start flag to “O” while PWM pulses are being output causes the counter to stop 
counting. If the TAiOUT pin is outputting an “H” level in this instance, the output level goes to “L’, 
and the timer Ai interrupt request bit goes to “1”. If the TAiIOUT pin is outputting an “L” level in this 
instance, the level does not change, and the timer Ai interrupt request bit does not becomes “1”. 
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3.5 Timer B (timer mode, event counter mode) 

(1) Reading the timer Bi register while a count is in progress allows reading , with arbitrary timing, the 
value of the counter. Reading the timer Bi register with the reload timing gets “FFFF16”. Reading the 
timer Bi register after setting a value in the timer Bi register with a count halted but before the counter 
starts counting gets a proper value. 


3.6 Timer B (pulse period, pulse width measurement mode) 


(1) If changing the measurement mode select bit is set after a count is started, the timer Bi interrupt 
request bit goes to “1”. 

(2) When the first effective edge is input after a count is started, an indeterminate value is transferred to 
the reload register. At this time, timer Bi interrupt request is not generated. 


3.7 A-D Converter 


(1) Write to each bit (except bit 6) of A-D control register 0, to each bit of A-D control register 1, and to bit 
0 of A-D control register 2 when A-D conversion is stopped (before a trigger occurs). 
In particular, when the Vref connection bit is changed from “0” to “1”, start A-D conversion after an 
elapse of 1 us or longer. 

(2) When changing A-D operation mode, select analog input pin again. 

(3) When using A-D converter in the one-shot mode and in the single sweep mode 
After confirming the completion of A-D conversion, read the A-D register (the completion of A-D con- 
version is determined by A-D interrupt request bit). 

(4) When using A-D converter in the repeat mode and in the repeat sweep mode 
Use the main clock without dividing as the internal clock of CPU. 

(5) The A-D conversion in the sweep mode needs the time as follows; (number of sweep pins + 2 pins) X 
repeat times X A-D conversion time for 1 pin. 

(6) When operating OSD or operating data slicer using the HSYNC and VSYNC input, do not use the A-D 
sweap mode (single sweap mode, repeat sweap mode 0, and repeat sweap mode 1). 


3.8 Stop Mode and Wait Mode 


(1) When returning from stop mode by hardware reset, RESET pin must be set to “L” level until main clock 
oscillation is stabilized. 

(2) When switching to either wait mode or stop mode, instructions occupying four bytes either from the 
WAIT instruction or from the instruction that sets the every-clock stop bit to “1“ within the instruction 
queue are perfected and then the program stops. So put at least four NOPs in succession either to the 
WAIT instruction or to the instruction that sets the every-clock stop bit to “1.” 
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3.9 Interrupts 
(1) Reading address 0000016 
¢ When maskable interrupt is occurred, CPU read the interrupt information (the interrupt number 
and interrupt request level) in the interrupt sequence. 
The interrupt request bit of the certain interrupt written in address 0000016 will then be set to “O”. 
Reading address 0000016 by software sets enabled highest priority interrupt source request bit to 
“0”. 
Though the interrupt is generated, the interrupt routine may not be executed. 
Do not read address 0000016 by software. 
(2) Setting the stack pointer 
¢ The value of the stack pointer immediately after reset is initialized to 000016. Accepting an 
interrupt before setting a value in the stack pointer may become a factor of runaway. Be sure to 
set a value in the stack pointer before accepting an interrupt. 
(3) External interrupt 
* When the polarity of the INTo and INT1 pins is changed, the interrupt request bit is sometimes set 
to “1.” After changing the polarity, set the interrupt request bit to “0.” 
(4) Rewrite the interrupt control register 
¢ To rewrite the interrupt control register, do so at a point that does not generate the interrupt 
request for that register. If there is possibility of the interrupt request occur, rewrite the interrupt 
control register after the interrupt is disabled. The program examples are described as follow: 


Example 1: 
INT_SWITCH1: 
FCLR | ; Disable interrupts. 
AND.B  #00h, 0055h__ ; Clear TAOIC int. priority level and int. request bit. 
NOP 
NOP 
FSET | ; Enable interrupts. 
Example 2: 
INT_SWITCH2: 
FCLR | ; Disable interrupts. 
AND.B  #00h, 0055h__ ; Clear TAOIC int. priority level and int. request bit. 
MOV.W MEM, RO ; Dummy read. 
FSET | ; Enable interrupts. 
Example 3: 
INT_SWITCHS: 
PUSHC FLG ; Push Flag register onto stack 
FCLR | ; Disable interrupts. 
AND.B  #00h, 0055h__ ; Clear TAOIC int. priority level and int. request bit. 
POPC FLG ; Enable interrupts. 


The reason why two NOP instructions or dummy read are inserted before FSET | in Examples 1 and 2 is 


to prevent the interrupt enable flag | from being set before the interrupt control register is rewritten due to 
effects of the instruction queue. 


¢ When a instruction to rewrite the interrupt control register is executed but the interrupt is disabled, the 
interrupt request bit is not set sometimes even if the interrupt request for that register has been gener- 
ated. This will depend on the instruction. If this creates problems, use the below instructions to change 
the register. 
Instructions : AND, OR, BCLR, BSET 
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3.10 Built-in PROM Version 


3.10.1 All Built-in PROM Versions 


High voltage is required to program to the built-in PROM. Be careful not to apply excessive voltage. Be 
especially careful during power-on. 


3.10.2 One Time PROM Version 


One Time PROM versions shipped in blank, of which built-in PROMs are programmed by users, are also 
provided. For these microcomputers, a programming test and screening are not performed in the as- 
sembly process and the following processes. To improve their reliability after programming, we recom- 
mend to program and test as flow shown in Figure 3.10.1 before use. 


Programming with PROM programmer 


Screening (Note) 
(Leave at 150°C for 40 hours) 


Note: Never expose to 150°C exceeding 100 hours. 


Figure 3.10.1 Programming and test flow for One Time PROM version 
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4. ITEMS TO BE SUBMITTED WHEN ORDERING MASKED ROM VERSION 
Please submit the following when ordering masked ROM products. 
(1) Mask ROM confirmation form 
(2) Mark specification sheet 
(3) ROM data : EPROMs (3 sets) 
*: In the case of EPROMs, there sets of EPROMs are required per pattern. 
*: In the case of floppy disks, 3.5-inch double-sided high-density disk (IBM format) is required per pattern. 
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5. ELECTRICAL CHARACTERISTICS 
5.1. Absolute Maximum Ratings 


Table 5.1.1 Absolute maximum ratings 


Parameter Condition Rated value 
Supply voltage —0.3 to 6.0 
Analog supply voltage —0.3 to 6.0 


Input voltage POo to P07, P20 to P27, 
P30 to P37, P40 to P43, 
P50, P52, P53, P55, P62, P63, P67, 
P70, P71, P72, P74, P76, P82, —0.3 to Vcc+0.3 
P90, P93, P94, P100, P101, 
XIN, OSC1, RESET 


Input voltage CNVss —0.3 to 6.0 (Note) 


Output voltage P00 to P07, P20 to P27, 
P30 to P37, P40 to P43, 
P50, P52, P53, P55, P62, P63, P67, 
P70, P71, P72, P74, P76, P82, —0.3 to Vec+0.3 
P90, P93, P94, P100, P101, 
R, G, B, OUT1, OUT2, OSC2, XouT 


Power dissipation Ta=25 °C 500 
Operating ambient temperature -10to 70 
Storage temperature —40 to 125 


Note: When writing to EPROM, only CNVss is —0.3 to 13(V). 
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5.2 Recommended Operating Conditions 


Table 5.2.1 Recommended operating conditions (referenced to Vcc = 4.5 V to 5.5 V at Ta = — 10 °C 
to 70 °C unless otherwise specified) 


Standard 
Typ. 


Parameter 


Supply voltage (Note 3) 
Analog supply voltage (Note 3) 
Supply voltage 


HIGH input voltage P0o to P07, P20 to P27, P30 to P37, P40 to P43, 
P50, P52, P53, P55, P62, P63, P67, 
P70, P71, P72, P74, P76, P82, 
P90, P93, P94, P100, P101, 
XIN, OSC1, RESET, CNVss 


LOW input voltage P0o to P07, P20 to P27, P30 to P37, P40 to P43, 
P50, P52, P53, P55, P62, P63, P67, 
P70, P71, P72, P74, P76, P82, 
P90, P93, P94, P100, P101, 
XIN, OSC1, RESET, CNVss 


IOH (peak) HIGH peak output POo to P07, P20 to P27, P30 to P37, P40 to P43, 
current P50, P52, P53, P55, P62, P63, P67, P72, P74, P76, 
P82, P90, P93, P94, P100, P101, R, G, B, OUT1, OUT2 


HIGH average output P00 to P07, P20 to P27, P30 to P37, P40 to P43, 
current P50, P52, P53, P55, P62, P63, P67, P72, P74, P76, 
P82, P90, P93, P94, P100, P101, R, G, B, OUT1, OUT2 


IOL (peak) LOW peak output P00 to P07, P20 to P27, P30 to P37, P40 to P43, 
current P50, P52, P53, P55, P62, P63, P67, 

P70, P71, P72, P74, P76, 

P82, P90, P93, P94, P100, P101, R, G, B, OUT1, OUT2 


IOL (avg) LOW average output P00 to P07, P20 to P27, P30 to P37, P40 to P43, 
current P50, P52, P53, P55, P62, P63, P74, P76, 
P82, P90, P100, P101, R, G, B, OUT1, OUT2 


IOL (avg) LOW average output P67, P70 to P72, P93, P94 
current 


f (XIN) Main clock input oscillation frequency 


Oscillation frequency (for OSD) OSc1 | LC oscillating mode 
Ceramic oscillating mode 


Input frequency Horizontal sync. signal of video signal 


Input amplitude video signal CVIN 


Notes 1: The mean output current is the mean value within 100 ms. 
2: The total IOL (peak) for ports PO, P2, P9, and P10 must be 80 mA max. The total IOH (peak) for ports PO, P2, P9, 
and P10 must be 80 mA max. The total IOL (peak) for ports P3, P4, P5, P6, P7 and P82 must be 80 mA max. 
The total IOH (peak) for ports P3, P4, P5, P6, P72, P74, P76, and P82 must be 80 mA max. 
3: Connect 0.1 uF or more capacitor externally between the power source pins Vcc—Vss and AVCC-VSS so as to 
reduce power source noise. Also connect 0.1 uF or more capacitor externally between the power source pins 
Vcoc-CNVss. 
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5.3 Electrical Characteristics 


Table 5.3.1 Electrical characteristics (referenced to Vcc = 5 V, Vss = 0 V at Ta = 25 °C, f(XIN) = 10 MHz 
unless otherwise specified) 


HIGH output 
voltage 


Parameter 


POo to P07, P20 to P27, 

P30 to P37, P40 to P43, 

P50, P52, P53, P55, P62, P63, P67, 
P72, P74, P76, 

P82, P90, P93, P94, P100, P101, R, 
G, B, OUT1, OUT2 


loH =-5 mA 


Measuring condition 


Standard 


Min. 


Max. 


Typ. 


HIGH output 
voltage 


POo to P07,P20 to P27, P30 to P37, 
P40 to P43, P50, P52, P53, P55 


loH = —200 pA 


HIGH output 
voltage 


XOuT | HIGH POWER 


loH =-1 mA 


LOW POWER 


loH = -0.5 mA 


LOW output 
voltage 


POo to P07, P20 to P27, 

P30 to P37, P40 to P43, 

P50, P52, P53, P55, 

P62, P63, P74, P76, 

P82, P90, P100, P101, R, G, B, 
OUT1, OUT2 


loL=5 mA 


LOW output 
voltage 


P67, P70 to P72, P93, P94 


loL = 6.0 mA 


LOW output 
voltage 


POo to P07,P20 to P27, P30 to P37, 
P40 to P43, P50, P52, P53, P55 


lot = 200 pA 


LOW output 
voltage 


Xout HIGHPOWER 


loL=1mA 


LOWPOWER 


lo. = 0.5 mA 


Hysteresis 


TBOw, INTo, INT1, CLKo, CLK, 
SCL1, SCL2, SCL3, 

SDA1, SDA2, SDA3, 

Hsync, Vsync, HCO, HC1, RxDo, 


Hysteresis 


Hysteresis 


HIGH input 
current 


POo to P07, P20 to P27, 

P30 to P37, P40 to P43, 

P50, P52, P53, P55, P62, P63, P67, 
P70, P71, P72, P74, P76, 

P82, P90, P93, P94, P100, P101 
Xin, RESET, CNVss, OSC1 


LOW input 
current 


POo to P07, P20 to P27, 

P30 to P37, P40 to P43, 

P50, P52, P53, P55, P62, P63, P67, 
P70, P71, P72, P74, P76, 

P82, P90, P93, P94, P100, P101 
XIN, RESET, CNVss, OSC1 


PPULLUP 


Pull-up resistor 


POo to P07, P20 to P27, 
P30 to P37, P40 to P43, 
P50, P52, P53, P55, P62, P63, P67, 
P72, P74, P76, P82, P90, P93, P94 


Power supply current 


In single-chip 
mode, the 
output pins 
are open and 
other pins are 
Vss 


f(XIN) = 10 MHz 
Square wave, 
no division 


OSD ON, Data slicer ON 


OSD OFF, Data slicer OFF 


f(XIN) = 10 MHz 
Square wave, 
division by 8 


Ta=25 °C when 


clock is stopped 


Ta = 70 °C when 


clock is stopped 


OSD OFF, Data slicer OFF 


12C-BUS + BUS switch connection resistor 


(between SCL1 and SCL2, SDA1 and SDA2) 


RiXIN 


Feedback resistor XIN 


REXCIN 


Feedback resistor XCIN 


246 


MITSUBISHI 
ELECTRIC 


Rev. 1.0 


MITSUBISHI MICROCOMPUTERS 


M306V5ME-XXXSP 
M306V5EESP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER 
and ON-SCREEN DISPLAY CONTROLLER 


5.4 A-D Conversion Characteristics 
Table 5.4.1 A-D conversion characteristics (referenced to Vcc = AVcc = 5V, Vss = AVss = 0 Vat Ta 
= 25 °C, f(XIN) = 10 MHz unless otherwise specified) 


Standard 
Typ. | Max. 


Parameter Measuring condition Min. 


Resolution Vrer = Voc 
Absolute |Sample & hold function not available VREF = Vcc =5V 
accuracy 


Sample & hold function available (8 bit) |VREF = Vcc=5V 
Rapper | Ladder resistance Vrer = Voc 
tconv Conversion time 
tsamp Sampling time 

VREF Reference voltage 
VIA Analog input voltage 


5.5 D-A Conversion Characteristics 

Table 5.5.1 D-A conversion characteristics (referenced to Vcc = 5V, Vss = AVss = OV at Ta = 25 °C, 
f(XIN) = 10 MHz unless otherwise specified) 

Standard 


Parameter Measuring condition Min. 


Resolution 

Absolute accuracy 

Setup time 

Output resistance 

Reference power supply input current 


Note: This applies when using one D-A converter, with the D-A register for the unused D-A converter set to “0016.” 
The A-D converter’s ladder resistance is not included. 
Also, when the Vref is unconnected at the A-D control register, |VREF is sent. 


5.6 Analog R, G, B Output Characteristics 
Table 5.6.1 Analog R, G, B output characteristics (Vcc = 5V, Vss = OV at Ta = 25 °C, f(Xin) = 10 MHz 
unless otherwise specified) 


Standard 


Parameter Test conditions - 
Min. Max. 


Output impedance 


Output deviation 


Settling time load capacity of 10 pF, 
load resistance of 20 kQ, 
70 % DC level 
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5.7 Timing Requirements 


Table 5.7.1 External clock input (referenced to Vcc = 5 V, Vss = 0 V at Ta = 25 °C unless otherwise 
specified) 


Standard 
Min. Max. 


Parameter 


External clock input cycle time 
External clock input HIGH pulse width 
External clock input LOW pulse width 
External clock rise time 

External clock fall time 


Table 5.7.2 Timer B input (counter input in event counter mode) 
(referenced to Vcc = 5 V, Vss = 0 V at Ta = 25 °C unless otherwise specified) 


Standard 
Min. Max. 


Parameter 


tc(TB) TBOIN input cycle time (counted on one edge) 

tw(TBH) TBOIN input HIGH pulse width (counted on one edge) 
tw(TBL) TBOIN input LOW pulse width (counted on one edge) 
tc(TB) TBOIN input cycle time (counted on both edges) 

tw(TBH) TBOIN input HIGH pulse width (counted on both edges) 
tw(TBL) TBOIN input LOW pulse width (counted on both edges) 


Table 5.7.3 Timer B input (pulse period measurement mode) 
(referenced to Vcc = 5 V, Vss = 0 V at Ta = 25 °C unless otherwise specified) 


Standard 
Min. Max. 


Parameter 


TBOIN input cycle time 
TBOIN input HIGH pulse width 
TBOIN input LOW pulse width 


Table 5.7.4 Timer B input (pulse width measurement mode) 


(referenced to Vcc = 5 V, Vss = 0 V at Ta = 25 °C unless otherwise specified) 


Standard 
Min. Max. 


Parameter 


TBOIN input cycle time 
TBOIN input HIGH pulse width 
TBOIN input LOW pulse width 
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Table 5.7.5 Serial I/O (referenced to Vcc = 5 V, Vss = 0 V at Ta = 25 °C unless otherwise specified) 


Standard 
Max. 


Parameter 


te(CK) CLKi input cycle time 
tw(Ckh) CLKi input HIGH pulse width 
tw(CKL) CLKi input LOW pulse width 
td(C-Q) TxDi output delay time 
th(C-Q) TxDi hold time 

tsu(D-C) RxDi input setup time 

th(C-D) RxDi input hold time 


Table 5.7.6 External interrupt INTi inputs (referenced to Vcc = 5 V, Vss = 0 V at Ta = 25 °C unless 
otherwise specified) 


Standard 
Symbol Parameter ; 
Min. Max. 


tw(INH) INTi input HIGH pulse width 250 
tw(INL) INTi input LOW pulse width 250 
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5.8 Timing Diagram 


250 


TBOtn input 


INTi input 


Figure 5.8.1 Timing diagram 
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6. MASK CONFIRMATION FORM 


GZZ— SH56 —45B <93A0> 


Mask ROM number 


Date : 


MITSUBISHI ELECTRIC SINGLE-CHIP 16-BIT 
MICROCOMPUTER M306V5ME-XXXSP 


MASK ROM CONFIRMATION FORM 


Section head | Supervisor 
signature signature 


Note : Please complete all items marked %. 


Submitted by | Supervisor 


Company 
name 


2% | Customer 


Issuance 
signature 


Date 


issued 


%& 1. Check sheet 


Name the product you order, and choose which to give in, EPROMs or floppy disks. 
If you order by means of EPROMs, three sets of EPROMs are required per pattern. If you order by 
means of floppy disks, one floppy disk is required per pattern. 


In the case of EPROMs 


Mitsubishi will create the mask using the data on the EPROMs supplied, providing the data is the 
same on at least two of those sets. Mitsubishi will, therefore, only accept liability if there is any 
discrepancy between the data on the EPROM sets and the ROM data written to the product. 
Please carefully check the data on the EPROMs being submitted to Mitsubishi. 


Checksum code for total EPROM area : 1 | [ | (hex) 


EPROM type : 
27C401 


Address 
000006 | Product : Area 

containing ASCII 

0000F 16 | Code for M306V5ME - 


0001016" 
OFFFFi6 a 


1000016 OSD ROM 
0 LLL LLL, 
AA 
50000 
7FFFF ROM(192K) 
(1) The area from 00000 16 to 0000F 16 is for storing Address Address 
data on the product type name. 0000016] 'M"_= 4Die oat —' = 2Dis 
The ASCII code for 'M306V5ME-'is shown at right. Prpohis | S8_= Bie} nt = 
The data in this table must be written to address ee is a 7 
0000016 to OOOOF 16. 0000316] '6 = 3616 | O000Bis FF16 
Both address and data are shown in hex. OOO OA te ME Bie) 0000G 6 ists 
(2) Write “FF 16” to the lined area. 0000516/'5'_= 3516 | 0000Di6 Eis 
0000616] 'M ' =4Die} OO000E16 FF16 
0000716|'E' = 4516 | OQOO0F 16 FFi16 


(1/4) 
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MASK ROM CONFIRMATION FORM 


(3) Be sure to store “FF 16” in the following test font addresses in OSD ROM. 
When producing OSD ROM data with the OSD font editor program of Mitsubishi, 
“FF 16” is set automatically to these test font addresses. 


(All addresses below are shown in hex.) 


100FE 120FE 140FE 160FE 18002 1A002 1C002 1E£002 20400 20401 20600 20601 213F8 213F9 213FC 213FD 

100FF 120FF 140FF 160FF 18003 1A003 1C003 1E003 21400 te an Sea pa Baas matte reat 
22400 

IE TOPE WIFE YeHEE ye102 swto2 1ol0a tele ZEA is, deeo) San! are brs FS BPD 
24400 24401 24600 24601 253F8 253F9 253FC 253FD 

102FE 122FE 142FE 162FE 18202 1A202 10202 16202 25400 25401 25600 25601 263F8 263F9 263FC 263FD 

102FF 122FF 142FF 162FF 18203 1A203 1C203 1£203 26400 26401 26600 26601 273F8 273F9 273FC 273FD 

103FE 123FE 143FE 163FE 18302 1A302 1C302 16302 27400 si iene fen 283r8 28ar9 283rC 283r0 
28400 

GEE ORF SEE SGOFE Tomo oo amo YE509 Zt) int Zool) Seo! Sure nies BR axa 
2A400 2A401 2A600 2A601 21BF8 21BF9 21BFC 21BFD 

104FF 124FF 144FF 164FF 18403 1A403 10403 1E403 B40 28401 2B600 2B601 22BF8 22BF9 22BFC 22BFD 

105FE 125FE 145FE 165FE 18502 1A502 1C502 1E502 2C400 2C401 2C600 2C601 23BF8 23BF9 23BFC 23BFD 

105FF 125FF 145FF 165FF 18503 1A503 1C503 16503 2D400 2D401 2D600 2D601 24BF8 24BF9 24BFC 24BFD 
2E400 2E401 2E600 2E601 25BF8 25BF9 25BFC 25BFD 

IGFE TAFE WOFE Ore tesoz nore rcom vese E46) iol Grew deco! Sere seers ere ero 
20C00 20C01 20E00 20E01 27BF8 27BF9 27BFC 27BFD 

1O7FE 127FE 147FE 167FE 18702 1A702 10702 1E702 21C¢00 21C01 21E00 21E01 28BF8 28BF9 28BFC 28BFD 

107FF 127FF 147FF 167FF 18703 1A703 1C703 1E703 22C00 22C01 22E00 22E01 29BF8 29BF9 29BFC 29BFD 

108FE 128FE 148FE 168FE 18802 1A802 1C802 1E802 23C00 23C01 23E00 23E01 2ABF8 2ABF9 2ABFC 2ABFD 

108FF 128FF 148FF 168FF 18803 1A803 1C803 1E803 Bean Secu BGG cat 

109FE 129FE 149FE 169FE 18902 1A902 10902 1E902 58Coq o6c01 26E00 26E01 

109FF 129FF 149FF 169FF 18903 1A903 10903 1E903 »97C¢99 27C01 27E00 27E01 

10AFE 12AFE 14AFE 16AFE 18A02 1AA02 1CA02 1EA02 28C00 28C01 28E00 28E01 

10AFF 12AFF 14AFF 16AFF 18A03 1AA03 1CA03 1EA03 29C00 29C01 29E00 29E01 

10BFE 12BFE 14BFE 16BFE 18B02 1AB02 1CB02 1EB02 me cae acres toe 

10BFF 12BFF 14BFF 16BFF 18B03 1AB03 1CB03 1EB03 50699 scco1 2CE00 2CEO! 

1OCFE 12CFE 14CFE 16CFE 18002 1AC02 1CC02 1EC02 opco0 2DC01 2DE00 2DE01 

10CFF 12CFF 14CFF 16CFF 18C03 1AC03 1CC03 1EC03 2ECO0 2ECO1 2EE00 2EE01 

10DFE 12DFE 14DFE 16DFE 18D02 1AD02 1CD02 1ED02 2FC00 2FCO1 2FEQO 2FE01 

10DFF 12DFF 14DFF 16DFF 18D03 1AD03 1CD03 1ED03 1 onb Henn ae ieee 

1OEFE 12EFE 14EFE 16EFE 1802 1AE02 1CE02 1EE02 jo999 0800 12001 12801 

1OEFF 12EFF 14EFF 16EFF 18E03 1AE03 1CE03 1EE03 143999 13800 13001 13801 

10FFE 12FFE 14FFE 16FFE 18F02 1AF02 1CF02 1EF02 14000 14800 14001 14801 

10FFF 12FFF 14FFF 16FFF 18F03 1AF03 1CF03 1EF03 15000 15800 15001 15801 

110FE 130FE 150FE 170FE 19002 1B002 1D002 1F002 setts ieee ee sa 

110FF 130FF 150FF 170FF 19003 1B003 1D003 1F003 j2059 iga00 18001 18801 

111FE 131FE 151FE 171FE 19102 1B102 1D102 1F102 19000 19800 19001 19801 

111FF 131FF 151FF 171FF 19103 1B103 1D103 1F103 1A000 1A800 1A001 1A801 

112FE 132FE 152FE 172FE 19202 1B202 1D202 1F202 1B000 1B800 1B001 1B801 

112FF 132FF 152FF 172FF 19203 1B203 1D203 1F203 a Beab pee pS La 

113FE 133FE 153FE 173FE 19302 1B302 1D302 1F302 j¢oo9 4800 {£001 {E801 

113FF 133FF 153FF 173FF 19303 1B303 1D303 1F303 4Fo999 1F800 1F001 1F801 

114FE 134FE 154FE 174FE 19402 1B402 1D402 1F402 

114FF 134FF 154FF 174FF 19403 1B403 1D403 1F403 

115FE 135FE 155FE 175FE 19502 1B502 1D502 1F502 

115FF 135FF 155FF 175FF 19503 1B503 1D503 1F503 

116FE 136FE 156FE 176FE 19602 1B602 1D602 1F602 

116FF 136FF 156FF 176FF 19603 1B603 1D603 1F603 

117FE 137FE 157FE 177FE 19702 1B702 1D702 1F702 

117FF 137FF 157FF 177FF 19703 1B703 1D703 1F703 

118FE 138FE 158FE 178FE 19802 1B802 1D802 1F802 

118FF 138FF 158FF 178FF 19803 1B803 1D803 1F803 

119FE 139FE 159FE 179FE 19902 1B902 1D902 1F902 

119FF 139FF 159FF 179FF 19903 1B903 1D903 1F903 


(2/4) 
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GZZ— SH56—45B <93A0> 


MITSUBISHI ELECTRIC SINGLE-CHIP 16-BIT [ Mask ROM number [| 


MICROCOMPUTER M306V5ME-XXXSP 
MASK ROM CONFIRMATION FORM 


The ASCII code for the type No. can be written to EPROM addresses 00000 16 to OOO0F 16 by specifying the 
pseudo-instructions shown in the following table at the beginning of the assembler source program. 


EPROM type 270401 
Code entered in | A.SECTION AASCIICODE, ROM DATA 


source program | A.ORG A080000H 
A .BYTE A' M306V5ME- ' 


Note: The ROM cannot be processed if the type No. written to the EPROM does not match the type No. 


in the check sheet. 


In the case of floppy disks 


Mitsubishi processes the mask files generated by the mask file generation utilities out of those held on 
the floppy disks you give in to us, and forms them into masks. Hence, we assume liability provided that 
there is any discrepancy between the contents of these mask files and the ROM data to be burned into 
products we produce. Check thoroughly the contents of the mask files you give in. 

Prepare 3.5 inches 2HD(IBM format) floppy disks. And store only one mask file in a floppy disk. 


Mask file name : oe eta -MSK (alpha-numeric 8-digit) 


Note: When using the floppy disks, do not store the type No. to addresses 0000 16 to OOOOF 16. 


%2. Mark specification 


The mark specification differs according to the type of package. After entering the mark specification on 
the separate mark specification sheet (for each package), attach that sheet to this masking check sheet 
for submission to Mitsubishi. 

For the M306V5ME-XXXSP, submit the 64P4B mark specification sheet. 
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MITSUBISHI ELECTRIC SINGLE-CHIP 16-BIT [ Mask ROM number | 


MICROCOMPUTER M306V5ME-XXXSP 
MASK ROM CONFIRMATION FORM 


% 3. Usage Conditions 


For our reference when of testing our products, please reply to the following questions about the usage of 
the products you ordered. 


(1) Which kind of X IN-XOUT oscillation circuit is used? 


Ceramic resonator Quartz-crystal oscillator 


External clock input Other ( ) 
What frequency do you use? 
f(XIN) = MHz 


(2) Which operation mode do you use? 
Single-chip mode Memory expansion mode 
Microprocessor mode 


Thank you cooperation. 


%€ 4. Special item (Indicate none if there is no specified item) 
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7. MARK SPECIFICATION FORM 


64P4B (64-PIN SHRINK DIP) MARK SPECIFICATION FORM 


Mitsubishi IC catalog name | 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


A. Standard Mitsubishi Mark 


®@ NonNnnnnnnnonnnnnnnonnnannnnncnnann & 


Mitsubishi lot number 
(6-digit or 7-digit) 


®@ VUUDDOUODODOTOOD OOD 


B. Customer’s Parts Number + Mitsubishi Catalog Name 
t~—- Customer's parts number 


Note: The fonts and size 
of characters are 
standard Mitsubishi 


type. 
—_ ———~—" Mitsubishi IC catalog name 


Note1 : The mark field should be written right aligned. 
2: The fonts and size of characters are standard Mitsubishi type. 
3: Customer's parts number can be up to 19 characters : 


Only O~9, A~Z, +, —, 7, (, ), & ©, . (period), and , (comma) are usable. 
4: If the Mitsubishi logo # is not required, check the box on the right. 4 Mitsubishi logo is not required 


C. Special Mark Required 


Note? : If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will. 


be duplicated as close as possible. Mitsubishi lot number (6-digit or 7-digit) and mask ROM number (3-digit) 
are always marked. 


2: \f the customer’s trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 


For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 
Special logo required 
The standard Mitsubishi font is used for all characters except for a logo. | 
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8. ONE TIME PROM VERSION M306V5EESP MARKING 


MAA AAAAAAAAAAAAAAAAAAMAM AAA Al Ai 


a MB306V5EESP 
XXXXXKXX 


UU UUUUUUUUUUU UU UU UU OU UU 


XXXXXXX is mitsubishi lot number 
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9. PACKAGE OUTLINE 


64P4B MMP. Plastic 64pin 750mil SDIP 
EIAJ Package Code JEDEC Code Weight(g) Lead Material 
SDIP64-P-750-1.78 = 7.9 Alloy 42/Cu Alloy 
) © 
AOAArAAAAAARAARARAAA AAA AAAA AAA AD : Te 
UU — 
@) i) ss 
Symbol Penension io Mitmeters 
D A - = 5.08 
i ] At 0.38 = = 
a oN A = 3.8 = 
AAA EVE 7 Spee 
IFN AN AANAANAANAANAANAANANAAANAAL bi 0.9 1.0 13 
y y z b2 0.65 | 0.75 | 1.05 
| J : C 0.2 0.25 | 0.32 
e bt b b2 D | 562 | 564 | 566 
E | 1685 | 17.0 | 17.15 
SEATING PLANE < = 1.778| = 
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Structure of Register 
Refer to the figure below as for each register. 


<Example> 


Processor mode register 1 (Note) 


Values immediately ote 1) 
after reset release 
(Note 2) 
b7 b6 b5 b4 b3 b2 bt bd S Address Bit attributes 


| Jolo jo fo [x}1 Jo] i 000516 00000X002 


i. | [Bitsmbor[___Bitrame——sT——SSunction = QW) 
4 Reserved bit Must always be set to “0” loio 
Reserved bit Must always be set to “1” loo 


Nothing is assigned. 
In an attempt to write to this bit, write “0.” The value, if read, turns out to be 
indeterminate. 


Reserved bits Must always be set to “0” 


eta 0: No wait state 
PM17 
Walton 1 : Wait state inserted 


Note: As bit 1 of this register becomes “0” at reset, must always be set to “1” after reset 
release. Set bit 1 of the protect register (address 000A16) to “1” when writing new 
values to this register. 


: Bit in which nothing is assigned 


Notes 1: Values immediately after reset release 
O serecseeseeeeeeeee()” after reset release 
“1” after reset release 
eeeelndeterminate after reset release 
XeececeseeeeseseseeBit in which nothing is assigned 


2: Bit attributes******The attributes of control register bits are classified into 3 types : read-only, 
write-only and read and write. In the figure, these attributes are represented 
as follows : 
ReeeeeeRead 
OreeeeeRead enabled 
XeeeeeeRead disabled 
—eeeeeeBit in which nothing is assigned (The read value is indeterminate unless otherwise mentioned.) 


WeeeeeeWrite 
OveeeeeWrite enabled 
XeeeeeeWrite disabled 
—eeeeeeBit in which nothing is assigned 
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[A] 
pe toes ete ore esas sees ee ec gaeec eaen eo teeta pane 43 
Address match interrupt enable register (AIER) 
sate Goideo tbe rsas seatbewencquntesen (veietaatiataagedancheveanes, 53 
53 
nena nore ne 141 
speeseeoes 141 


A-D control register 1 (ADCON1)............ eee 


adsiniiibiste genes 140, 148, 145, 147, 149, 150 


A-D control register 0 (ADCONO) 


sadesinedneadeunageaetevasts 140, 148, 145, 147, 149, 151 


[B] 
Block control register i (BCi 
Bottom border control register (BBR)..........215 


(GING ar ceetuctixe dart ecapnatacetontuieeaieeiay 43 
[C] 
er 13 
NGaceecuau 161 
icnen teased 179 
eee 162 
ee 119 
sates 71,81 
[D] 
eae teie 154 
ete eee nr 154 
Mamenunta 163 


steel 157 
ae 157 
Pata slicer interrupt control register (DSIC)].. 43 
. 164 


DMAi control register (DMICON))...........0.0... 61 
DMAi interrupt control register (DMiIC)}......... 43 
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spaacsunaetieet 62 
DMAi transfer counter (TCRI)) ...........:::eeeeee 62 
La eadetesnditctananbice! 62 
[H] 
orizontal position register (HP)}............06 176 
Lose soeetee 165 
Sadi esaenea unnsedeneeteecnats 13 
[1] 
Siete: 123 
I?Ci address register (IICiSOD)) ..............000-. 124 
ee eee 131 
I2Ci control register (IICIS1 D)} ..........0.cee 128 
desde 126 
I2Ci port selection register (IICiS2D)........... 121 
cae 123 
I/O polarity control register (PC)).........:.06 180 


Interrupt control reserved register i (REIIC))......... 52 


Interrupt request cause select register (IFSR) 


ra voudeitewsdndeusadislectstiid aaextdnns tebeit wees ede teect ease 52 
INTi interrupt control register (INTiIC)}........... 43 
[L] 
eft border control register (LBR) .............. 216 
[M] 
ulti-master I@C-BUS interface i interrupt 
control register (IICiIC) ......... ee eeeeeeeeeeees 43 
[O] 
One-shot start flag (ONSF))........:::::eeeeees 72 
OSD control register 1 (OC1)).......... cee 170 
OSD control register 2 (OC2))......... cece 173 
OSD control register 3 (OC3))........ceeee 198 
OSD control register 4 (OC4))........ eee 182 
OSD reserved register i (ORi))..........:000 220 
OSDi interrupt control register (OSDIIC)........ 43 
[P] 
Peripheral mode register (PM))............::::008 87 


MITSUBISHI 
ELECTRIC 


259 


MITSUBISHI MICROCOMPUTERS 


M306V5ME-XXXSP 
M306V5EESP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER with CLOSED CAPTION DECODER 
and ON-SCREEN DISPLAY CONTROLLER 


260 


ee eee 81 
(PO to PO, P2, PS) ....ssssssssssssssssssssssssssssseesee 231 
item oie neonates 70, 74, 76, 77, 78 
(PDO, PD2, PD) ......cccesccsessessesecsssecssesseseess 227 
ee oT OOM daauspecestliacuurtmeieuctedadesttepsn tinction 80, 82, 83, 84 
eee 227 [Top border control register (TBR) .............-. 215 
suite eaabcieestouteetecaentes 232 ~_ [Trigger select register (TRGSR) .........c:s-e-+-- 73 
edie 228 
sjiceeviecsuceesicee oceeincuanee 232 [U] 
ceeeeeeeenennein 228 
rte eer eer BO sib distance amt dastsent roadie 97 
gue 229 
cence iaintehio net tendes Poa avatar ania eons: 94 
pees 229 
seceded datavnons soneeitnnastcty Does eee ete tee eee 96 
siteeeeteneesenens 230 
lies iaseet ee cuineeeitestede: 2 re een ten tree ne 93, 100, 107 
aetna 230 ~~ UART2 special mode register (U2SMR)\..........- 97 
Port reserved register i (PRI) ............:ccee 235 
vad areas: OR Geohiartsheecrasseteatieieinsteeceeeatiaans 93, 100, 107 
cssssnnnnennnnen 23 
ifadedeheseeciaeeees BS peeebsedsGetanteroteaente tated oder cceetareeee 95 
ssseneneeneenes 236 
Pull-up control register 1 (PUR1)...........0 OS b  siastaretideaciaatratseutenonduulaeaeartaraeadassen 96 
onanine 237 ~~: MARTI bit rate generator (UIBRG)................ 92 
Leqeneeaee 92 
[R] 
Leslactetaldcahisttonwett UG Sectpateheastalicen ihe cateciaintbaceaienetans 43 
oa sesiene 73,81,86 ARTI transmit buffer register (UiTB)........... 92 
Right border control register (RBR) ........... 216 
Se eee ete ar des crane tole eee tee 43 
[S] Up/down flag (UDF) .........c.cccscscsseeseseseseeteeees 72 
SPRITE horizontal position register (HS)... 212 
Pee 211 IV] 
. 212  Syncinterupt control register (VSYNCIQ)..... 43 
nner 30 _— Wertical position register i (VPi)).............:-. 176 
praise 30 
[W] 


[T] 


imer Ai interrupt control register (TAiIC 


atchdog timer control register (WDC)........ 57 
atchdog timer start register (WDTS).......... 57 


Hidetw agus anianadibe siatat ogee uaca duesuiatauuteerdtersveavisndaugeas 43 
imer Bi interrupt control register (TBilC 
asieaahigewoaeigesyuu sence vaaeser tenes sencetaesssudienieassuestececins 43 
imer Ai register (TAI)).........00.ccccccec cece ee eee eees 71 
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a MITSUBISHI ELECTRIC CORPORATION 


HEAD OFFICE: 2-2-3, MARUNOUCHI, CHIYODA-KU, TOKYO 100-8310, JAPAN 


Keep safety first in your circuit designs! 


Mitsubishi Electric Corporation puts the maximum effort into making semiconductor products better and more reliable, but there is always the possibility that trouble may occur with them. Trouble with semiconductors may lead to 
personal injury, fire or property damage. Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of non-flammable 
material or (iii) prevention against any malfunction or mishap. 


Notes regarding these materials 


These materials are intended as a reference to assist our customers in the selection of the Mitsubishi semiconductor product best suited to the customer's application; they do not convey any license under any intellectual property 
rights, or any other rights, belonging to Mitsubishi Electric Corporation or a third party. 

Mitsubishi Electric Corporation assumes no responsibility for any damage, or infringement of any third-party’s rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or circuit application examples 
contained in these materials. 

All information contained in these materials, including product data, diagrams, charts, programs and algorithms represents information on products at the time of publication of these materials, and are subject to change by 
Mitsubishi Electric Corporation without notice due to product improvements or other reasons. It is therefore recommended that customers contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product 
distributor for the latest product information before purchasing a product listed herein. 

The information described here may contain technical inaccuracies or typographical errors. Mitsubishi Electric Corporation assumes no responsibility for any damage, liability, or other loss rising from these inaccuracies or errors. 
Please also pay attention to information published by Mitsubishi Electric Corporation by various means, including the Mitsubishi Semiconductor home page (http://www.mitsubishichips.com). 

When using any or all of the information contained in these materials, including product data, diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total system before making a final decision 
on the applicability of the information and products. Mitsubishi Electric Corporation assumes no responsibility for any damage, liability or other loss resulting from the information contained herein. 

Mitsubishi Electric Corporation semiconductors are not designed or manufactured for use in a device or system that is used under circumstances in which human life is potentially at stake. Please contact Mitsubishi Electric 
Corporation or an authorized Mitsubishi Semiconductor product distributor when considering the use of a product contained herein for any specific purposes, such as apparatus or systems for transportation, vehicular, medical, 
aerospace, nuclear, or undersea repeater use. 

The prior written approval of Mitsubishi Electric Corporation is necessary to reprint or reproduce in whole or in part these materials. 

If these products or technologies are subject to the Japanese export control restrictions, they must be exported under a license from the Japanese government and cannot be imported into a country other than the approved 
destination. 

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the country of destination is prohibited. 

Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product distributor for further details on these materials or the products contained therein. 
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